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R. VANNEVAR BUSH’S reports as president of 
the Carnegie Institution of Washington, besides 
noting outstanding features of the current research 
work of the Institution, have frequently discussed 
important general questions of wide interest such as 
the relation of the Institution to the Government or 
the place of the independent research institution. On 
retiring from the presidency of the Institution at the 
end of last December, Dr. Bush devoted the whole 
of his final report* to considering the real motives in 
fundamental research, asking why we pursue such 
research at all and what it is that unites us in common 
fort and urges us on. When we have a group of 
strong and able men, capable of desiring acclaim and 
reward from the world in other ways, yet who choose 
to pursue the path of science, though the individual 
seps of their advance are often appreciated only by 
their immediate associates and the pecuniary rewards 
for their effort are small, we must look deep for the 
true motives. 

Emphasizing first that he is concerned with 
fundamental science—with seeking out the facts of 
Nature and their inter-relations without attempting 
to apply them immediately to the needs and desires 
of man for physical comfort, power to control the 
forces of Nature or freedom from disease—Dr. Bush 
pints out that the very fact that the pursuit of 
fundamental science offers side-paths for those who 
would follow them is one true and worthy motive be- 
hind all that we do. There may be a long interval 
between such fundamental work and its practical 
applications ; but we are conscious, he said, of the 
problems with which humanity will struggle long 
after present fundamental researches have been 
merged in the general advance of science, and we are 
confident that later generations will complete the 
work. Dr. Bush reminds us that we are only just 
now learning how the simple organisms, the interplay 
of which with our organic structure affects our whole 
lives, operate, and that there is a long path towards 
acomplete grasp of their biochemistry and structural 
organization, offering many fascinating opportunities 
for research. Beyond the study of such organic 
mechanisms lies the problem of man’s mind itself, 
its chemical, electrical and structural elements, under- 
standing of which is an essential preliminary to any 
true knowledge of ourselves, our possibilities and our 


limitations. 


Dr. Bush goes on to indicate more precisely the 


jwide horizons of fundamental science. Looking at 


man’s present material progress, we can see that he is 
headed for catastrophe unless he mends his ways and 
takes thought for the morrow. It is not simply a 
matter of the use to which man may put atomic 
fission or fusion, or a trained virus, and that these 
momentous questions must be resolved by other 





x oot of the President of the Institution of Washington 
forthe Yearending June 30,1955. Pp. 9. (Washington, D.C. : Carnegie 
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patterns of thought than those of long-range funda- 
mental science; or again, that the scientist’s deep 
interest in them is primarily as a citizen and member 
of the community. His background in science may 
enable the scientist to counsel wisely with those who 
apply science or other disciplines; but even apart 
from wars, Dr. Bush thinks man is still heading for 
trouble. The world’s population is increasing at a 
rate which renders distress, famine and disintegration 
inevitable unless we learn to hold our members in 
check. The resources of the world are being used up at 
an appalling rate, and new methods of extending the 
food supply can only postpone the crisis; perhaps 
they will allow time for communication and education 
to produce the general understanding essential to a 
sound solution. While demands for energy can prob- 
ably be met for a long time to come, the situation 
is very different with mineral resources, and it will 
be necessary to place geology, for example, on a 
firmer scientific basis if we are to continue to find and 
exploit natural deposits. 

It is not suggested by Dr. Bush that in all this we 
find the sole, or even an effective, motive for funda- 
mental science. Much research, he comments, is done 
as a matter of habit—a remark which has implications 
that should be continually examined if effort in 
research is not to be wasted. Dr. Bush goes so 
far as to assert that many a research programme 
is conducted in which the investigator has no clear 
idea just what he is trying to find out, or what it 
would mean if he found it, and that men may work 
for years without stopping to examine critically the 
relevance of their effort. That is a danger in research 
against which some precaution should be taken, for 
to do so is not to banish curiosity as a motive, or 
even emulation or competition. Indeed, it may well 
give both a more effective place in scientific motiv- 
ation by bringing it to some extent under control. 

For all this, in Dr. Bush’s view, the prime motivation 
in scientific effort extends far beyond casual and 
monetary reasons, and even beyond the thought that 
what we do may, in its small way, benefit the human 
race in its struggle to control itself and its environ- 
ment. The scientist, he argues, lives by faith quite 
as much as the man of deep religious convictions, 
and he has no doubt that nearly all scientists believe 
in free will. Although they have built a magnificent 
structure of materialism, to admit free will into the 
rigid systems postulated by materialism is to abandon 
materialism altogether, and in building a theoretical 
universe based on a system of experiment, observa- 
tion and logic, the scientist assumes freedom of choice 
as an act of faith. 

No one, Dr. Bush believes, looks on the current 
scene with more freedom of spirit than the scientists, 
whose vision is both broad and deep but who at all 
times must understand the limitations of their 
methods if they would avoid fallacy and the false 
application of those methods where they inherently 
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do not apply. Thus, behind all other motives there 
is, he suggests, a deeper and more powerful one, 
which for the present can only be expressed in the 
faith that man can learn to know and to understand, 
and that it is good to exercise that power and to 
strive for the extension of our wisdom. This is the 
primary faith that carries men of science torward 
in their great adventure, and no other faith is essential. 
This faith and this sense of participation, acknow- 
ledged by scientists only in their rare thoughtful 
moments, leads them forward, just as it is faith of 
some kind that has caused men of all callings in all 
times to strive and to hope. 

Dr. Bush’s interpretation of scientific motivation 
will be read with respect and with deep interest even 
by those scientists who do not entirely agree with 
his interpretation ; and not the least for the moving 
passage in which he takes leave of his colleagues 
and, in wishing them the luck which is an essential 
ingredient of successful scientific careers—C. V. 
Boys once put it as high as thirty per cent—displays 
the warm interest, expectation and confidence with 
which he will continue to watch their work. There, 
indeed, he hints at a motive that explorers like Scott 
and Shackleton and Younghusband have notably 
found among men of science—-the spirit of adventure 
—and Younghusband has put this into words similar 
to those of Bush. “The human race will never be 
satisfied until it has completed its knowledge of its 
surroundings. We want to know everything about 
this planet, even its furtherest confines, because we 
not only have to adapt ourselves to our surroundings 
but in the true spirit of man we have to master them. 
And we cannot master them until we have full 
knowledge of them.” 

This element of adventure alone suffices to impart 
one of luck or chance, and in considering the organiza- 
tion of fundamental research it is well, therefore, to 
take account not merely of the factors or conditions 
which strengthen the motives urging the scientist 
on his quest but equally those which reduce chance 
or luck to a minimum by providing the most favour- 
able atmosphere for creative, original work. That is 
in effect to seek to provide the conditions in which 
the scientist can most effectively pursue his search 
for truth. While Dr. Bush does not come very close 
to Sir Edward Appleton’s plea to the British Associa- 
tion for the intrinsic value of science as one of the 
great human experiences and in that sense rank it 
among the motives of the scientist, we are brought 
to much the same conclusion. His address, moreover, 
has some points in common with discussion of design 
and chance in discovery and invention by Prof. René 
Taton, of Paris, in the December 1955 issue of Impact. 
The conditions which stimulate discovery and inven- 
tion may well be those which promote the free flow 
of ideas and facilitate, if not new ideas, at least the 
recognition or reception of new ideas. 

Prof. Taton in this article is not concerned with 
motives, except in so far as they affect the organization 
of creative scientific and technological work so as to 
provide the most effective stimulus for the harmonious 
and fruitful development of science; to this he 


suggests we ought to be giving very careful con- 
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sideration. It is obvious that anything we can co to 
foster or strengthen the motives of scientific research, 
either fundamental or applied, and still more generally 
the scientific spirit and outlook, should be an im- 
portant factor in increasing the numbers of scientists 
and technologists so widely needed. It might well 
offer some contribution towards relieving the short. 
age in Britain of science teachers, which is one 
essential factor in any long-term expansion seeking 
to draw in more of the early school-leavers and to 
direct both boys and girls from the arts side to 
science. 

Prof. Taton’s penetrating paper is the more 
valuable in that, while he gives due weight to the 


Sata E RE 


role of chance and accident and even to error, he | 


never over-estimates that part, and he examines even 
more carefully those antecedents of discovery that 
are often neglected. Here, and in examining the 
various types of failure and the influence of philo- 
sophical, political, social and economic factors in the 
environment of the scientist on discovery and in- 
vention, Prof. Taton is most stimulating, and his 


Fa RATER 


observations stress the conditions which we should [ 
seek to ensure for creative work. He suggests, for | 


example, that it would be worth while for psycho- 


logists to study more closely the way in which |) 


excessive concentration on a single line of research, 


a@ preoccupation with ends which obscures possible [7 
avenues of reasoning, or the almost unconscious 


adoption of a worthless hypothesis or of an unduly | 


sceptical philosophical point of view, have contributed 
to the failures of even great scientists. 


Prof. Taton thus emphasizes a line of inquiry akin 


to one indicated by Dr. Bush; but his comments 


on the obstacles encountered from scientific or | 
philosophical prejudices, and the difficult and unequal | 


struggle in which the authors of many really fruitful 


discoveries have had to engage before they could win | 


recognition, have implications in the social and 


economic conditions of to-day which need more | 


attention than they have yet received. At this point 
at least, Prof. Taton comes near to discussing motives ; 


and, although he does not accept the Marxist theory, | 


in suggesting that the choice of a line of research 
may be influenced by economic and social factors 


at least to some extent, he is admitting that motives} 


play a part in selection. Moreover, here he brings 
out more specifically than Dr. Bush the influence of 


team-work in research, both fundamental and applied. Hq 
Only by team-work can much essential research be | 


undertaken or brought to completion to-day. The 
task here is to ensure that the conditions in which 
creative work is most fruitful and in which scientific 
motives have full play are preserved and encouraged, 
and that the conditions on which Prof. Taton com- 


ments are avoided. Prof. Taton has wisely emphasized | 


some of the dangers which must be minimized in 
order that the process of discovery and invention 
and the flow of new ideas may not be hindered. Dr. 
Bush, in his valedictory address, however, seems to 
go even deeper, and to reveal the primary faith and 
motive which it is for the scientist himself to cherish, 
whatever the respect the community may care to 
show for the motives of scientific research. 
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EXTENSION OF MICROCHEMISTRY 


Handbuch der Mikrochemischen Methoden 
Herausgegeben von Prof. Friedrich Hecht und 
Prof. Michael K. Zacherl. Band 2: Verwendung der 
Radioaktivitat in der Mikrochemie. Radiochemische 
Methoden der Mikrochemie. Von Dr. E. Broda und 
Dr. T. Schénfeld. Messung Radioaktiver Strahlen in 
der Mikrochemie. Von Dr. T. Bernert, Dr. B. 
Karlik und Dr. K. Lintner. Photographische 
Methoden in der Radiochemie. Von Dr. H. Lauda. 
Pp. iv+423. (Wien: Springer-Verlag, 1955.) 486 
schillings ; £6 18s.; 81 D. marks; 83 Swiss frances ; 
19.30 dollars. 


INCE the early days of radioactive studies it was 
,J obvious that the new methods allowed physicists 
to extend their investigation to invisibly small 
quantities of matter ; the scintillation screen, or the 
Wilson chamber, made the effects of one single atom 
visible. A little later it was shown that various 
branches of chemistry also could greatly benefit from 
the sensitivity of radioactive measurements, especially 
after the knowledge of the practical inseparability of 
isotopes could be made use of. A further decisive 
impulse was given by the artificial production of 
radioactive isotopes of nearly every chemical element. 
It is no exaggeration to say that by these advances 
an entirely new chapter of microchemistry has been 
opened up, and it is only fitting that the editors of 
the ‘Handbuch der Mikrochemie’’, now in course of 
publication, have decided to devote to it the large 
volume here under review. 

The main part of the book is filled by an exhaustive 
survey of all the different ways in which radioactive 
methods have been applied to microchemical studies. 
Because of the great range of subjects, the relevant 
papers are to be found in a great variety of contexts 
and in very different journals ; but the two authors 
have wielded the scattered material into a clear 
logical pattern using as the basis of their arrangement 
not the nature of the scientific problems investigated, 
but—as it should be in a treatise on chemical methods 
—the techniques applied. Several tests have con- 
vinced the reviewer that. in this framework every 
original paper in which radioactivity was used for a 
microchemical problem has found its proper place, 
and that the authors deserve no less praise for the 
care with which they have collected the material than 
for their well-thought-out presentation. Considering 
the number of papers summarized nobody will expect 
to find in their survey many experimental details ; 
the reader ought to be satisfied to have been guided 
to all relevant original publications. Besides the 
table of contents and the index of names and subjects 
there are, after each of the eleven chapters, surveys 
of the literature discussed which will be a further 
help for quick orientation in the vast material. 

Although primarily meant as a guide for readers 
who are looking for the best radiochemical methods 
to solve a special problem, there seems to the reviewer 
no doubt that thanks to the strict logical presentation 
and pleasant style of writing this treatise may also 
be used by students who want to acquaint themselves 
in @ general way with this extension of micro- 
chemical methods ; they will find it very helpful that 
the discussion of the particular methods (‘isotopic 
dilution’, ‘activation’ etc.) is preceded by two intro- 
ductory chapters on ‘‘Radioactivity as a Basis of 
Microchemical Methods’ and ‘The Chemistry of 
Radioactive Matter”. The authors have achieved 
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the difficult task of writing a comprehensive ‘Hand- 
buch’ which may also serve as a text-book. 

The two much shorter articles which follow the 
main part of this volume fully maintain the high 
scientific standard ; they are a very useful supplement 
on the technical side, as they explain the various 
methods for the investigation of radioactive rays. 
In addition to such widely known apparatus as the 
Geiger—Miiller counter, several new devices are de- 
scribed which have probably not yet found their way 
into many chemical laboratories and of which the 
scintillation counter is at present the most important. 
The editors are to be thanked for having enlisted the 
help of competent physicists in spreading a knowledge, 
through the medium of this book, of these new pieces 
of apparatus among chemists. The last chapter, on 
the employment of photographic methods in radio- 
chemistry, serves the same very useful purpose. 

F. A. PANnETH 


NUMERICAL ANALYSIS 


Numerical Analysis 
With Emphasis on the Application of Numerical 
Techniques to Problems of Infinitesimal Calculus in 


Single Variable. By Prof. Zdenék Kopal. Pp. 
xiv+556. (London: Chapman and Hall, Ltd., 
1955.) 63s. net. 


HIS is a stimulating and timely book. Broadly 
speaking, it covers most of that part of the field 
of numerical analysis which depends on approxi- 
mation by polynomials to a function of a single 
variable—there is no attempt to deal with matrix 
manipulations, the solution of equations, linear, 
algebraic or transcendental, or with functions of two 
or more variables. The book has defects, some of 
which will be mentioned later, but first it seems 
desirable to stress the particular merits of the book. 
Prof. Z. Kopal goes to considerable lengths to place 
before the reader all the available methods of attack 
known to him, without presuming to dictate which 
formula should be preferred ; this means that the 
full range of methods is exhibited to a user with 
unusual requirements, and he can make his own 
choice. In these days, with the rapid development 
of automatic computers of various designs, this is an 
extremely valuable feature. Others who will appre- 
ciate this are teachers and instructors of budding 
numerical analysts. 

The attention to the literature of the subject is 
impressive; the author has investigated with 
obvious care a very wide range of references and has 
incorporated the results of his searches with con- 
siderable skill. Then again, the author has noticed 
a number of outstanding gaps in the development of 
the subject, and has made notable efforts to fill 
these or to initiate research on the problems raised. 
The result is that even experienced numerical analysts 
will find many things of interest, whether entirely 
new or offering a new and illuminating approach. 
For example, I found the description and use of the 
Hermite interpolation formula, which uses values of 
function and derivative at n points (see pp. 31, 354), 
and the discussion on the optimum interval for use 
in the evaluation of derivatives (see p. 104) to be of 
considerable value. The sections (IV-J, K) on the 


solution of differential equations by successive 
extrapolation give another example of the author’s 
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own researches, where he is at pains to find recurrence 
relations, approximating to given differential equa- 
tions, which shall not introduce—as may so easily 
happen—accidental complementary solutions that 
eventually swamp the wanted solution. 

Such instances could be multiplied; but it is also 
of interest to mention some points where I disagree 
with the author. Often the disagreement is the 
result of a discussion stimulated by the book, and this 
is one of its major merits—that it provokes discussion. 

On p. 19 the Weierstrass approximation theorem 
is quoted as a blanket protecting all the methods 
outlined, with insignificant exceptions. It seems, 
however, that, when dealing with arguments x at 
equal intervals, functions such as (1 + 2*)-! or 
exp (—2*) can scarcely be regarded as “insignificant 
exceptions”, and for a fuller understanding of such 
cases, the cardinal function theory of E. T. Whittaker 
is needed. On p. 147, it is quite easy to introduce 
an extra n! in the denominator on the right of 
(IV-F-13) ; this can make the difference between a 
finite and unlimited range of applicability. The 
preceding two misapprehensions are shared by earlier 
well-known works. On p. 243, since the equation 
(V—B—1) is homogeneous, the choice of boundary 
conditions (V—B—5) as y (x») = y(x,) = 0 “for sim- 
plicity” is remarkable—it converts an ordinary 
problem of finding a solution to pass through two 
points into an eigen-value problem. 

The numerical example on pp. 476 et seg., dealing 
with the numerical solution of integro-differential 
equations, is unsatisfactory in a number of respects. 
The table on p. 479 has all values in the last column 
multiplied by 2; the values in the third column, 
taken from Chandrasekhar’s paper, apply to 4-term 
Gaussian quadrature, and not to 2-term as staied 
(non-linearity of the table is obvious on inspection) ; 
and in any event comparison of ‘“2-point Gauss” 
results with ‘“Trapezoidal rule’’ results is inappro- 
priate—the Trapezoidal rule uses only one point on 
the average to each interval. Again the table 
ignores u<0, where disagreement is poor, and the 
discontinuity at u.=0. Nevertheless, the point to be 
made is a valid one, provided that there is some way 
whereby the high accuracy attained for values at 
the Gauss points can be used adequately in a final 
computational stage—ordinary interpolation with n 
points will not do, for it cannot adequately use 


(2n—1)th degree accuracy; the author is not 
unaware of this. 
A further comment concerns Appendix 2 on 


“Optimum Interpolation”. This is a most valuable 
account which includes a certain amount of current 
practice not previously available in published form. 
This appendix has given rise to considerable dis- 
cussion, from which it has emerged that the statement 
on p. 61 concerning the modified Chebyshev—Everett 
formula is not, in fact, unassailable. The assertion by 
L. Fox, that the factor —0-184 (or —0-18393) is 
usually best, even for Everett-type interpolation, is 
correct. This question, a rather subtle one, cannot, 
however, be fully discussed in a review. Another mis- 
statement concerns the so-called—and well-named— 
“Royal Road” formula. This is on p. 138 after (IV— 
D—13), where it is stated that ‘“‘the desired second 
difference of y(x) at x=a_, turns out to be expressible 
in the form of a rapidly converging sequence of back- 
ward differences of ylII(x) of even orders”. In fact, 
“even differences only” is associated exclusively with 


central differences, and such a central difference form 
provides a basis for the well-known methods studied 
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by Gauss, Jackson, Numerov and others. The 
backward difference form involves differences of al] 
orders after the fourth, and seems to be new—and 
what a good idea ! 

These few points will serve to indicate the many 
merits of the book, and show that even the errors are 
able to provoke healthy discussion. 

In my view, the place for this valuable book is on 
the shelves of general libraries and of the smaller 
ones attached to computing establishments of all 
kinds, including those having automatic computers, 
Those who teach or study numerical analysis, 
especially, cannot afford to be without this book—it 
is a book for teachers and the rather specialist learner, 
The reader will not find many numerical illustrations ; 
for these he should use Hartree’s “Numerical An: ily- 
sis’; but this book will not show the wide choice of 
methods exhibited by Prof. Kopal. The book is 
very readable, though prolix in parts where it stresses 
the obvious (it was based originally on lecture notes, 


and this is detectable); in other parts very close 
attention is needed. It is a book well worth con- 
sulting—and possessing. J. C. P. MILLER 


IMAGE AND ORIGINAL 


Operational Calculus based on the Two-Sided 
Laplace Integral 
By Dr. Balth van der Pol and Dr. H. Bremmey. 
Second Edition, Pp. xiiit+415. (Cambridge: At 
the University Press, 1955.) 60s. net. 
Bree: A(t) be a given function defined on the whole 
interval — 0 <t< ©. The linear functional! 


L{h(t)] = f(p) = [- pe ™h(t)dt (1) 


is the two-sided Laplace transform or ‘image’ of the 
‘original’ h(t), as contrasted with the one-sided trans- 
form got by writing zero instead of — © as the lower 
limit of the integral. In terms of Heaviside’s unit 
function U(t) (defined to be zero when ¢ is negative 
and unity when ¢ is positive) the one-sided is obtained 
from the two-sided transform by putting U(t)A(t) in 
place of h(t) in (1). The domain of p is a strip of 
the complex plane bounded by two abscisse, either 
or both of which may be infinite. The main tech- 
nique of the operational calculus consists of replacing 
operations on the original by operations on the 
image. If, for example, this process leads to an 
expression for the image f(p), the original A(t) is 
inferred by inverting the integral in (1). 

The subject of the book is the two-sided transform, 
for which the authors claim the following advantages : 
(1) the class of functions suited to an operational 
treatment becomes much larger; (2) the trans- 
formation rules are considerably simplified ; (3) the 
entire treatment becomes more rigorous than the 
usual presentation of the one-sided integral in tech- 
nical books. As to (3), much has been achieved by 
introducing concepts such as functions of bounded 
variation, upper and lower limits, and so on, usually 
unfamiliar to the engineer and which here receive 
careful explanation and illustration. The omission 
of proofs of some of the basic theorems has been 
compensated for by giving references to other books 
where they may be found. By such devices of 
exposition a high standard of rigour has been pre- 





priest it 


ne rh Steel! 








ca 
th 









ded 


mer. 


At 


hole 
onal 


the 
ans- 
wer 
unit 
tive 
ned 
) in 
) of 
ther 
ach- 
sing 
the 

an 


) is 


rm, 
res: 
nal 
ins- 
the 
the 
ch- 
by 
ded 
lly 
ive 
ion 
een 
oks 
of 
re- 























No. 4517 May 26, 1956 


served while still allowing room for an astonishingly 
large amount of illustrative work. Indeed, more than 
half the text is devoted to applications to differential 
equations, ordinary and partial, to electric circuit 
theory, difference equations, integral equations and 
other topics. 

The chapter headings are as follows: (1) general 
introduction ; (2) the Fourier integral as basis of the 
operational calculus; (3) elementary operational 
images; (4) elementary rules; (5) the delta or 
impulse function ; (6) questions concerning the con- 
vergence of the definition integral; (7) asymptotic 
relations and operational transposition of series ; (8) 
linear differential equations with constant coefficients ; 
(9) simultaneous linear differential equations with 
constant coefficients ; electric-circuit theory; (10) 
linear differential equations with variable coefficients ; 
(11) operational rules of more complicated character ; 
(12) step functions and other discontinuous functions ; 
(13) difference equations; (14) integral equations ; 
(15) partial differential equations in the operational 
calculus of one variable; (16) simultaneous oper- 
ational calculus; (17) ‘grammar’; (18) ‘dictionary’. 

The first edition was published in 1950. Into the 
second edition the following new paragraphs have 
been introduced: rules for the treatment of cor- 
relation functions; a note on the theory of dis- 
tributions ; a note on the Wiener—Hopf technique. 

The book is written with exceptional lucidity and 
can be recommended alike to the mathematician and 
the engineer. L. M. Mitne-THOMSON 


INTERPRETER OF SCIENCE 


Science makes Sense 
By Ritchie Calder. Pp. 192. (London: George 
Allen and Unwin, Ltd., 1955.) 12s. 6d. net. 


R. RITCHIE CALDER’S latest book can be 
commended to the participants in the current 
discussion on scientific language. It is more than a 
competent and readable piece of journalism ; it is a 
demonstration that the nature and implications of 
scientific advance can be explained in non-technical 
language which the ordinary person can readily 
comprehend, and that this can be done by one who 
does not himself claim to be a scientist. Moreover, 
the conditions that must be observed for this to be 
done successfully are made clear: the scientist must 
take the trouble to explain to the non-scientist what 
he is doing and in terms not too specialized; the 
expositor, for his part, must be willing to listen and 
must have sufficient background to ask the signi- 
ficant questions. Where this is not done, the attempt 
breaks down, as may perhaps be seen in the present 
volume when Mr. Calder is tempted to quote chemical 
nomenclature. His inaccuracies will irritate the 
chemist, but they are not serious. They do, however, 
display a failure on the part of the chemist to convey 
accurately to Mr. Calder the significance of his jargon 
and on Mr. Calder’s part a failure to consult which is 
tantamount to neglect of the maxim: “Always verify 
your references’. 

Such minor blemishes apart, the book is a real 
contribution to the popular understanding not only 
of the great scientific advances of the past half- 
century but also of the way in which they were 
achieved. It is an admirable exposition of the nature 
of scientific thought and method. Moreover, while 
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Mr. Calder’s style is lively and picturesque, he holds 
his imagination in check: in gaining his reader’s 
attention he does not lose a sense of proportion or 
perspective. The balance and emphasis are almost 
invariably correct, in spite of the wide field over 
which he ranges—from the Lunar Society of the 
mid-eighteenth century to the impact of science and 
technology on industry and society and the home life 
of to-day. Five chapters on great discoveries show 
how they were made, and do so in a way that refutes 
decisively the idea of magic with which popular 
thought often clothes the scientist and science. 

For that alone the book is worth while. There are 
minor blemishes: here and there a quantity is false, 
@ wrong note is struck, a word or a phase jars, or 
(more rarely) a proposition or interpretation could be 
challenged ; these things are not the result of Mr. 
Calder’s flair for the picturesque or of any failure in 
interpretation, though they may sometimes be due to 
a sense of values on which opinions may differ. The 
book should interest the scientist, through the com- 
petence of its technique of exposition and scientific 
and technical accuracy, as much as the story it tells 
will fascinate the non-scientist. R. BRIGHTMAN 


HISTORY OF ASTRONOMICAL 
INSTRUMENTS 


The History of the Telescope 

By Dr. Henry C. King. Pp. xvi+456. (London : 
Charles Griffin and Company, Ltd.; Cambridge, 
Mass.: U.S.A. Sky Publishing Corporation, 1955.) 
50s. 


THE 456 pages of this excellent book are evidently 
the result of a truly tremendous amount of 
research by Dr. H. C. King. The fact that more 
than sixteen hundred page references are given in 
nearly as many individual publications further shows 
the thoroughness and completeness of the factual data. 
He starts, in a most satisfying manner, with the 
earliest device known for the positional observation 
of the Sun—the sundial—and from there carefully 
examines each facet of each stage of the optical and 
instrumental development which culminated in the 
large present-day telescopes. His style throughout 
is easy and, in spite of having to be concise, never 
gives the impression of jerkiness. The book is quite 
definitely a history of telescopes rather than a 
history of astronomy, although the two are obviously 
closely related. As the author points out in the 
preface, ‘“. . . instrumental improvements receive 
more attention than the discoveries made through 
them. The description of Sir William Herschel’s 
20-foot reflector, for example, occupies more space 
than his theory of stellar distribution, and far greater 
importance is attached to the introduction of silvering 
processes than to the discovery of, say, the planet 
Neptune”’. 

It would be supremely easy in a book of this sort 
to dwell at undue length on certain aspects of the 
subject about which the author is particularly inter- 
ested or is particularly knowledgeable. Alternatively, 
it would be simple to become tainted by insularity 
and make it a book of British achieve:nents in tele- 
scopic design, with one or two chapters to cover the 
efforts of other countries. The author has done 
none of these things. His review of the subject 
appears to be very well balanced, the efforts of the 
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scientists and instrument makers of the United 
States, Britain and the different Continental coun- 
tries each receiving their due amount of space. It is 
ironical, but no fault of Dr. King, that the largest two 
working telescopes in Britain at the time of his going 
to press were so lacking in novel features that they 
have correctly received no mention except: “Other 
large Grubb—Parsons instruments of the thirties are 
the 36-inch reflectors of Edinburgh and Greenwich...” 

There are very few points to which the reader can 
take exception. Perhaps the most obvious of these 
is the incompleteness of the index. <A book of this 
nature, packed with facts which frequently cannot 
be placed in chronological order, needs not only a 
complete index but also one with every possible 
cross-reference. In particular, it seems that refer- 
ences to instruments in British observatories are least 
complete. A second point is the omission of a 
summary of the important dates and events, together 
with a fairly complete list of observatories with their 
instruments. Otherwise, I have only noticed trivial 
errors in the text. 

Perhaps naturally, there is little scope for humour 
in such a book. Consequently, the following remark 
produced a smile when in another context it might 
have been overlooked: “After Colby’s survey of 
Scotland, the instrument [a portable zenith sector] 
was placed for safety in the Tower of London, where 
it was destroyed in the fire of 1841’’. 

It is difficult to decide whether a history book 
should stop with the chronicling of all known relevant 
facts. Historical facts are of the greatest importance ; 
but they become of even greater interest if they are 
accompanied by a critical examination of events. 
Why, for example, do certain developments take 
place at a certain time while other seemingly obvious 
developments have to wait for many years ? Possibly 
Dr. King feels he has done his part by assembling the 
facts, and that the deductions are better made by 
the reader. Of this I am not so certain. 

Dr. King deserves the very highest praise for 
bringing so much work to a stage where one has to 
look hard indeed to find any adverse comment. The 
book is well printed on good paper and has just the 
right number and choice of illustrations and dia- 
grams. The price is not excessive by modern 
standards, and there is every reason to believe that 
the future will find this book on the library shelves 
of all concerned with astronomy, optics or scientific 
instruments. H. E. Butter 


ANALYSIS OF WEATHER CHARTS 


Principles of Meteorological Analysis 


By Walter J. Saucier. Pp. xvi+438. (Chicago: 
University of Chicago Press; London: Cambridge 
University Press, 1955.) 75s. net. 
OT long ago there were two schools of thought 
in meteorology : one school held that weather 
has its origin in the higher atmosphere and is only 
a by-product of more important events there; the 
other maintained that the irregular distributions of 
land and sea, mountain and plain, and heat and cold 
on the Earth’s surface produce our weather systems 
and that these react on the atmosphere above with 
an intensity that diminishes progressively with height. 
Meteorologists now know that changes occur at the 
top of the troposphere as rapid, as frequent and as 
violent as those near the surface and are related to 
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them: though the bulk of differential heating and 
the friction in the atmospheric engine occur at the 
bottom, the main cogs and flywheels are higher up 
But no one yet knows how the parts fit together. 

Strictly, as a man of science, the meteorologist 
should eschew attempts to forecast the behaviour of 
the atmosphere until he has a coherent and properly 
tested theory of its mechanism: but the optimism 
of his predecessors, based on inadequate knowledge 
of the real intricacies of their task, and perhaps also 
the occasional successes of the weather-lore man, 
have forced his hand: the meteorologist has had to 
work empirically, using his hypotheses for forecasting 
as he goes along. Circumstances have now given 
him his chance to put things right. To cope with 
the flood of information about conditions up to great 
heights that is needed several times a day for aviation, 
he has sought the help of high-speed computing 
machines, and to use them he has had to devise 
models in mathematical terms for describing the 
simpler features of the atmosphere. These models 
have already been used with promising results for 
forecasting the changes of the next day or two ; but 
until the potentialities of the newer processes are 
thoroughly explored, the forecaster will still need to 
analyse his own charts. Now this in itself is a com- 
plex task. It demands a long training in constructing 
a three-dimensional picture of the atmosphere from 
separate charts of horizontal and vertical sections, 
and also in accounting for the changes from one set 
of observations to the next. 

But although analysis is an essential stage in the 
preparation of any forecast, the writing of the first 
text devoted wholly to the subject has been left to 
Prof. W. J. Saucier, associate professor at the Agri- 
cultural and Mechanical College of Texas, and 
formerly instructor in meteorology in the University 
of Chicago. In every respect Prof. Saucier has 
produced an excellent book—clear and comprehensive, 
with enough diagrams and physical explanations to 
make the reading easy, and with the right amount of 
mathematics for rigorous stiffening. The first third 
is concerned with the necessary tools and techniques 
—the atmospheric variables and their physical 
relationships, stability, the characteristics of the 
various kinds of chart and diagram, and the theory 
and practice of scalar analysis. In the main business 
of the text, the author discusses analysis of surface 
charts and isobaric and isentropic charts for higher 
levels, vertical cross-sections of the atmosphere and 
the kinematics of airflow; the chapters on each of 
these sections should make rewarding reading for the 
experienced forecaster as well as for the trainee, and 
will take him over a wide range of up-to-date thought 
on the functioning of the atmosphere from the 
forecaster’s point of view. As befits their nature 
and their place in a book of this scope, large-scale 
and local features and charts for tropical regions are 
treated more sketchily (forty pages in all) in the last 
three chapters. 

The text is well documented both by footnotes on 
each double-columned page for particular references, 
and at the end of each chapter for more general 
reading. Throughout the work the author has 
succeeded in combining a sound treatment of the 
physical processes with his account of the empirical 
principles of analysis, and he has striven to treat the 
atmosphere as a single system the parts of which 
interlock through great depths and over wide areas 
even though the mechanism is not yet fully under- 
stood. J. M. Stace 
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Atlas du Ciel 
Par Vincent de Callatay. Pp. 151+11 photographies. 
(Bruxelles: Les Editions de Visscher, 1955.) 450 
Belg. fr. 

HIS is a star atlas for amateurs. The author 

certainly succeeds in catching the eye by a 
series of maps of considerable beauty in which the 
stars appear white and the sky black. The maps are 
not obscured by printing further information on to 
them; instead, the constellation names and boun- 
daries, star names, co-ordinates and further informa- 
tion are added by means of subsidiary maps and 
tables. 

There are nine maps depicting a full hemisphere 
from various aspects, and in these there is no differ- 
entiation of the magnitudes of the stars shown. Then 
follows the main series of twenty-seven rectangular 
maps each covering a region of about 70° x 50°. 
For these the magnitudes (down to the fifth) are 
differentiated, but not very clearly. Those maps 
referring to the northern and equatorial regions of 
the sky have north at top, while the southern maps 
have south at top. Running through the book is a 
useful description (in French) of the various types of 
object in the sky and of other astronomical matters, 
but this text matter is not particularly connected 
with its nearby map. At the end there are twelve 
fine photographs chosen from the Mount Wilson— 
Palomar list of celestial objects. 

The arrangement is not a very convenient one for 
those who wish to use the book as a working star 
atlas. It is somewhat difficult to locate the appro- 
priate map, and then it is necessary to look elsewhere 
(sometimes over the page) to interpret it. Some 
minor inconsistencies and inaccuracies can be 
detected. C. W. ALLEN 


Semi-Micro Organic Preparations 

By Dr. J. H. Wilkinson. Pp. x+94. (Edinburgh 
and London: Oliver and Boyd, Ltd., 1954.) 8s. 6d. 
net. 


R. J. H. WILKINSON joins the growing band 

of chemists who have published their methods 
of preparing organic compounds on the so-called 
‘semi-micro’ scale. Since one of his recipes requires 
50 c.c. of one reagent and 4°5 c.c. of another, ‘small- 
scale’, which many favour, would seem to be the 
better term. 

In an opening section of eleven pages, the author 
describes his techniques, which include not only 
customary small-scale types but also pieces of 
apparatus of his own design. In the remaining pages 
he gives clear instructions for a variety of preparations 
ranging from the simple esterification to catalytic 
hydrogenation, and to the more elaborate exercise 
requiring the use of a reagent such as aluminium 
isopropoxide. He blends with his instructions 
valuable comments on the reaction in question and 
directs attention to significant points of theory. 

The experiments do not run in a sequence and do 
not cover any particular syllabus, the intention being 
to show what can be done on the small scale. As 
with other enthusiasts, Dr. Wilkinson occasionally 
overworks an innovation. Thus he uses a special 
apparatus for the preparation of tribromaniline, 
when surely a drop of each reagent brought together 
on a watch-glass would suffice. Nevertheless, this is 
a helpful book for those desirous of becoming 
acquainted with these economical and time-saving 
methods. G. FowLes 
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The Science Masters’ Book 

Series 3, Part 2: Chemistry. Arranged and edited 
by G. Fowles, with the assistance of E. H. Coulson 
and Charles Holt. (Experiments selected from Nos. 
68-128 of The School Science Review.) Pp. xi+286. 
(London: John Murray (Publishers), Ltd., 1955. 
Published for The Science Masters’ Association.) 
17s. 6d. net. 


HIS book contains selected experiments, appar- 

atus and teaching devices from the School Science 
Review of the past eighteen years, divided into six 
parts which vary by design from the very elementary 
to the more advanced work of a sixth form. Through- 
out the book the lesson of what improvisation has 
meant to the schoolmaster is plain to see, and, if for 
this reason only, the book should be stimulating for 
teachers of any experience. 

Of course, the selection is bound to meet with 
criticism ; but it is a little difficult to understand 
why in some cases more pruning was not carried out, 
so leaving space for other experiments—three ways 
of showing the action of steam on magnesium are 
given, when the last and simplest would have sufficed. 
In all cases the essential details are given, and the 
diagrams are very clear; but here again some of the 
latter might well have been omitted without loss of 
clarity. As more than a hundred authors have con- 
tributed to this book, it is only to be expected that the 
standard of clear and concise English has not always 
been maintained ; but the use of the word ‘treat’, 
the first person, and some asides are to be deplored. 

A new departure is the introduction of theoretical 
comments and a list of references, and this is most 
pleasing and helpful. The later sections are very 
well done, particularly those on electrochemistry and 
small-scale work. The book as a whole should be a 
welcome addition to any science teacher’s bookshelf. 

J. C. StREDDER 


University Physics 

By Francis Weston Sears and Mark W. Zemansky. 
Second edition, with Supplementary Problems. Pp. 
viii+1031. (Cambridge, Mass.: Addison-Wesley 
Publishing Company, Inc., 1955.) 10 dollars. 


HIS book covers the whole of physics up to 

approximately ordinary-degree standard. It is 
lavishly illustrated with well-thought-out diagrams, 
‘multiflash’ photographs of moving bodies in dealing 
with mechanics and sound, and one two-colour 
diagram. It should be very useful to the students 
to whom it is addressed. It is doubtful, however, 
whether it would fit in with the British university 
system ; it is too elementary as an introduction for 
students who have passed Advanced Level physics 
at school and, in spite of its size (and weight), it 
does not include all that is usually dealt with in an 
ordinary-degree course. Rigidity and the twisting of 
rods, for example, are not included, nor the relation- 
ship between the elastic moduli. 

The rationalized M.K.S. system of units is used 
for dealing with magnetism and electricity. Despite 
its obvious practical advantages, the reviewer thinks 
that it is not a suitable system for introducing the 
subject to elementary students, with its arbitrary 
introduction of the factor 4x, and the premature 
disclosure of the role of the velocity of light. 

On the whole, however, the book contains many 
novel and interesting ways of presenting the various 
branches of physics, and university teachers in 
Britain may well profit by its study. 
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MINING RESEARCH ESTABLISHMENT, ISLEWORTH, OF THE 
NATIONAL COAL BOARD 


By Da L. C. TYTE, C.B.E. 


Director 


HE Mining Research Establishment was founded 

by the National Coal Board in July 1952 within 
the Scientific Department under the director-general, 
Dr. Idris Jones. It is the first research unit of 
any size to be assembled in Britain for the study of 
mining problems other than those directly related to 
safety. The purpose of the Establishment is to carry 
out research aimed at increasing the efficiency of 
coal production, in which health and safety con- 
siderations are implicit, and it works in very close 
touch with the Board’s Central Engineering Estab- 
lishment at Bretby, which is responsible for engineer- 
ing development. 

The site selected for the Establishment was the 
former British Lion Film Studios at Isleworth, 
Middlesex ; it covers an area of some six and a half 
acres and is situated in pleasant surroundings in the 
London area. Reconstruction of the existing build- 
ings has been in hand over the past four years, and 
the present scheme will be completed before the end 
of the year. This will provide extensive modern 
laboratories, working spaces for large-scale technical 
experiments and adequate workshop and other 
ancillary services. 

The initial plan was for an Establishment with a 
staff of 350, of whom 230 would be scientists and 
scientific technical officers, and having an annual 
revenue expenditure of about £300,000. Unfor- 
tunately, through the national shortage of scientists 
and technologists, this size has not yet been attained. 
Although the investigations are primarily of a 
physical and mechanical engineering nature, the 
range and complex nature of the work are such that 
it is usually advantageous to employ teams of staff 
trained in different disciplines. Thus, in addition to 
physicists and mechanical engineers, mining and 
electrical engineers, metallurgists, mathematicians, 
geologists and chemists are all making valuable 
contributions to the solution of the urgent national 
problems of coal mining. 


Coal Winning 


The most important task assigned to the Estab- 
lishment is research into methods of improving tech- 
niques of coal winning, with prime emphasis on 
mechanization. This objective provides an inter- 
esting example of the constant interplay there must 
be in this work between laboratory experiments 
and underground field trials. Machines for winning 
coal from the seam employ cutting tools ranging 
from small, rapidly moving picks to large, massive, 
slowly moving wedges which may be applied con- 
tinuously or impulsively. The machines are required 
to operate in a wide variety of conditions depending 
on the mechanical properties of the coal substance, 
the thickness, gradient and other geological features 
of the seam, and the nature of the roof and floor 
rocks and the forces and constraints which they 
impose on the seam. It will be appreciated that 
mechanical breaking down of the coal from the 
seam is not enough, but that mechanical means of 
loading the won coal on to the face conveyor system 


is an essential to increased mechanized product. 
ivity and is a feature of modern cutter-loader 
machines. 

One of the lines of attack followed in the laboratory 
has been the examination of the mechanical properties 
of coal, including measurement of the elastic constants 
and a study of coal breakage. This work is com- 
plicated by the fact that, as a bedded material, coal 
behaves differently to forces normal and paralle! to 
the bedding planes. Moreover, it is intersected by 
planes of weakness normal to the bedding planes 
which on the larger scale are known as cleats. (oal 
is also, petrographically, a very mixed substance. 
Hence, in order to restrict the total number of vari- 
ables while still retaining a representative cross- 
section, nine coals have been selected for all experi- 
mental work. In spite of these difficulties, progress 
is being made in building up an understanding of 
coal breakage. 

In parallel with these experiments, measurements 
are being made on the forces required to pull tools 
through blocks of coal and the influence of such 
factors as depth of cut, blade angle, direction of 
cleat to the direction of cut, the coal used, size of 
product, etc., on the peak and mean forces required. 
From earlier experiments of this kind, it was observed 
that the force required to draw a tool through hard 
coal was not uniform but rose to peak values at 
places of high resistance, afterwards dropping to low 
values when fracture of the coal had occurred at these 
points. This observation led to the idea of applying 
percussion to a plough blade, which would only be 
called into operation when the blade encountered 
locations of high resistance increasing the tension on 
the haulage chain. This had the advantage of reduc- 
ing the peak loads on the haulage chain, thereby 
improving the stability of the plough, and gave promise 
of a machine capable of cutting coals too hard for 
attack by conventional static-bladed ploughs and of 
working in thin seams, for which there is currently 
an urgent need. Experimental models of such an 
‘auto-percussive’ plough have been made and used 
underground, and this work is being prosecuted 
vigorously. 

Coal is, of course, also won by blasting it from the 
solid, or undercut seams. As a means of improving 
safety in the use of explosives and of reducing the 
dust hazard mentioned below, the idea of blasting 
coal by explosive charges placed in holes already 
filled with water under pressure has been advanced 
and is in use experimentally in certain pits. Research 
is in hand to examine in detail the basic factors 
entering into this technique. 


Strata Control 


Almost all mechanized cutter-loaders require 
‘prop-free’ fronts ; that is, coal faces without props 
more or less up to the coal face but with the roof 
supported in this region by cantilever roof bars. 
Increased output calls for increased rates of advance 
of mechanized faces, and the trend will be to roof 
support systems advanced mechanically, and ulti- 
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mately automatically, rather than by manual 
resetting of props. To extend these techniques with 
safety, much more knowledge is required of the 
conditions they have to meet. Hence the first 
objective of the research on strata control has been 
to devise exper.mental methods for measuring under- 
ground the loads which props are called upon to 
withstand and the convergence and lateral movement 
between roof and: floor. 

"he problems so far discussed are only concerned 
with the immediate protection of men working in the 
coal face; there is also the important problem of 
ultimate support of the overlying strata in the waste 
area Which controls surface subsidence and the 
workability of other adjacent coal seams. Again, 
there is a wide field for pressure measurements both 
in packs built in the waste and also in the virgin rock 
before the coal has been extracted. 

These measurements, important though they are, 
ave only the first steps to obtaining an understanding 
of the stresses and movements in the strata induced 
by the operations of mining. 


Driving of Tunnels 


While much of British practice follows the procedure 
of making roadways in the coal seam, it is an essential 
feature of opening up new districts and developing 
new mines that tunnels and drifts should be driven 
through rock. The speed with which this can be 
done is of importance since, by this means, new coal 
resources can be made more quickly available for 
production and the capital cost of new workings 
reduced. Much can be done in this direction by 
studies of organization and management. This, how- 
ever, is outside the scope of the Establishment, and 
is being carried out by the National Coal Board’s 
Production Department ; research is being devoted 
to the actual mining processes. Rock drilling is an 
important aspect of tunnelling and extensive investi- 
gations are being made. One of these is concerned 
with the incidence of ‘clogging’ with rotary-drill 
tools by the debris created in making the hole. 
Conventional twist-drill bits, both with streamlined 
and non-streamlined bit-rod connexions, Continental- 
type bits and hollow-type bits deriving from earlier 
work in the Establishment, have been compared. 

The new technique of percussive-rotary drilling 
has been examined in a preliminary way, and the 
results indicate such promise that the work will be 
extended to find the most suitable combination of 
variables for coal-measure rocks. 

In parallel with the experiments on drill design 
discussed above, a study has been made of the 
metallurgy of hard tool tips for drills. The relative 
parts played by abrasive wear and by chipping have 
been established, and although much work remains 
to enable the optimum cobalt content and grain size 
to be established for any particular purpose, it has 
been possible to draft a provisional specification for 
tungsten carbide drill-tip materials. Similar ques- 
tions arise in determining the proper material to use 
for coal-cutting tools; but this is only one class of 
the many metallurgical problems arising in the 
industry, which is one of the biggest users of steel 
in Britain. 


Underground Conveyance of Coal 


When coal has been won at the coal face, it has 
then to be transported to the pit shaft. One of the 
steps in mechanization of pits during the past fifty 
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years has been the introduction of belt conveyors for 
this purpose, and now more than 90 per cent of the 
coal raised is moved in some part of its journey to 
the pit bottom by conveyor. The Creswell Colliery 
disaster of 1950 directed attention to the fire hazard 
of rubber conveyor belting, and, following research, 
P.V.C. (polyvinyl chloride) belting is now obligatory 
for all new purchases of belting. However, although 
the introduction of P.V.C. has eliminated the inflam- 
mability of belting as an underground hazard, it does 
not mean that the perfect belt has been produced. 
Investigations are in hand to determine the optimum 
design and materials for the belt to have a long life 
of efficient service. Such factors as flexibility, 
distribution of load between the various plies and 
frictional properties of the surface are being examined; 
but for use in some situations in the pit, it would 
appear that random damage such as holing or edge 
tear are the most important factors to be considered. 


Environmental Conditions 


A consequence of working or disturbing coal and 
the surrounding rock strata is the emission of methane. 
This is well known to offer a serious explosion hazard. 
Research at Isleworth in this field is directed to 
improved instruments, both portable and fixed, for 
providing both an alarm or cut-out system when 
the percentage of methane in the mine air exceeds a 
prescribed level and also to give a continuous monitor 
record of the methane content. In addition, instru- 
ments are being devised to measure high methane 
concentrations required in connexion with methane- 
drainage schemes. 

When coal or rock is broken, it is inevitable that 
some fine dust is formed. If this becomes airborne, 
the respirable portion (that is, less than 5 microns in 
size) presents a serious health hazard as the cause of 
pulmonary diseases. This has long been a matter of 
serious concern to the National Coal Board, which has 
devoted a great deal of effort to combat the scourge 
of pneumoconiosis. The part played by the Establish- 
ment is in dust assessment and study of means of 
suppressing it. The conception of the elutriator to 
eliminate the collection of dust larger than the size 
range required has simplified the counting of slides 
to determine dust concentrations, while the recent 
development of the ‘long-running thermal precipi- 
tator’, which will record the mean airborne dust 
concentration over a working shift, will do much to 
assist the determination of dustiness of working 
conditions. The problem of suppression of airborne 
dust has proved far less tractable. Experiments and 
theoretical considerations have shown that gravity 
water sprays are valueless for removing airborne 
dust in the respirable range from mine air, although, 
of course, this does not mean that water sprays may 
not be useful for consolidating dust before the coal 
reaches transfer points and hence reducing the amount 
of dust made airborne. However, studies in dust 
suppression by water and wetting-agent solutions 
have suggested that the particular coal concerned 
plays an important part in the effectiveness of such 
measures, and the problem is receiving further close 
attention. The difficulties of dust suppression under- 
line the fact that the real solution is to minimize the 
dust produced rather than to attempt to deal with 
it once it has been made, and hence studies have 
been made on the production of dust by different 
methods of coal breakage and by technical methods 
of working such as drilling. 
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It is opportune to remark that fine dust coarser 
than the respirable faction is also a hazard in mining, 
since a cloud of such coal dust can participate in an 
explosion initiated by a methane gas explosion, 
augmenting the force of this latter explosion to a 
very marked degree. Work on this, as on all explo- 
sion problems, is done by the Safety in Mines Research 
Establishment and not by the Mining Research 
Establishment. Close touch and interchange of 
views is maintained between the two Establishments. 

Although most British pits are fairly dry, the use 
of water for dust suppression increases the relative 
humidity of hot workings. The combined effect of 
high temperature and high relative humidity has a 
deleterious effect on the physical and mental working 
capacity of men. At the moment, this problem arises 
principally in headings, but future exploitation of 
deeper coal measures will make the problem more 
acute. A preliminary study is being made of the 
sources of heat to underground workings, of which 
one of the chief is heat flow from the virgin strata 
surrounding the opening, and of means of ameliorating 
working conditions. 

Ventilation plays an important part in controlling 
the environmental conditions from whichever of the 
three sources discussed above the noxious effects arise. 
Again, the prime problem from the research angle is 
the precise measurement of the quantities concerned, 
such as air pressure, mass flow, temperature and 
humidity of the air stream. 


Instrumentation 


A recurrent need in all fields of mining is for more 
measurements and for instruments with which to 
make them. Due to the explosion hazard, all 
instruments must either be intrinsically safe or housed 
in a flameproof box. Instruments existing commer- 
cially to make the measurements required by the 
current research programme with the necessary 
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degree of accuracy are virtually non-existent. Hence 
a considerable portion of the effort of the Establish- 
ment is devoted to devising and designing pitworthy 
instruments which will do their job safely under 
exacting conditions. There are advantages in using 
transistors as a substitute for valves, and a number 
of instruments are in the course of development 
which employ these devices. 

Not merely are measurements required for the 
study of environmental conditions and the behaviour 
of strata but also to give a precise picture of the 
performance of a coal-winning machine underground. 
This is an entirely new field, and instruments are at 
present being devised and constructed to give com- 
prehensive information on the forces encountered by, 
and the performance of, the ‘auto-percussive’ plough 
when working in a seam. This technique should 
give most valuable information for the design of new 
and improved machines of all sorts. The need for 
adequate instrumentation in environmental studies 
has already been mentioned; but it should be 
emphasized that this phase is only the provision of 
the tools to attack the main problems in those fields 
which are concerned with the improvement of uncer- 
ground working conditions. 


Mining is a traditional industry in Britain and, as 
such, is one cn which it is difficult for research to 
make an immediate impact. However, it is bristling 
with complex problems requiring urgent solution, and 
it is therefore a stimulating challenge to scientists 
and engineers. No doubt, in many cases, careful 
work will merely establish that current practice, 
resulting from an intuitive approach and_ long 
experience, is in fact soundly based. But the coal- 
mining industry must advance and is in fact advancing 
in its technique at an ever-increasing pace ; and here 
scientific research will make its fullest contribution 
and reap its reward by helping the advance of 
national prosperity. 


THE PLACE OF SCIENCE AND THE HUMANITIES IN EDUCATION 


DEBATE on the motion ““That Science can pro- 
vide as Good an Education as the Humanities” 
was organized by the Fine Chemicals Group of the 
Society of Chemical Industry, and was held in the 
Senate House of the University of London at 7 p.m. 
on April 20. Sir William Ogg was chairman of the 
debate, which was attended by some five hundred 
people. Speakers for the motion were the rector of 
the Imperial College of Science and Technology, 
London, Dr. R. P. Linstead, and Prof. A. R. Ubbe- 
lohde, also of that College. Speakers against the 
motion were the vice-chancellor of the University of 
Nottingham, Mr. B. L. Hallward, and the headmaster 
of Winchester College, Mr. H. D. P. Lee. After these 
speeches, brief contributions from members of the 
audience were made at the invitation of the chairman. 
In the course of the debate, it was evident that 
there was some shift of targets, according to whether 
the speakers on either side were thinking of education 
chiefly at the school-level, or whether higher educa- 
tion was included and even specifically aimed at. 
With regard to public school and secondary 
education, Mr. Hallward said that to include an even 


greater proportion of scientific subjects than hereto- 
fore, so as to produce more young technicians trained 
in science on something like the reputed Russian 
plan, could have grave objections with regard to 
their other opportunities and duties in adult life. 
Mr. Lee stressed the practical difficulties from the 
point of view of an already crowded school time- 
table. When essential school subjects such as English 
language and literature, geography and history have 
been provided for, and highly desirable subjects such 
as at least one foreign language and mathematics 
have been included, the distributable periods for 
more science or for other subjects are in practice 
quite limited. Furthermore, not much physics can 
be usefully taught at school before sufficient mathe- 
matics has been mastered. 

These considerations were not really in conflict 
with Dr. Linstead’s practical formula that everyone 
should acquire a very good knowledge of their own 
language and of mathematics, at least one foreign 
language (preferably living), general science and 
history and geography—chronology and the globes 
in Locke’s words. Subsequent specialization in the 























anes Gh oleae ome ek oh ek ae eek ce ees 





17 


ence 
lish. 
rthy 
nder 
ising 
nber 
nent 


the 
riour 
’ the 
und. 
re at 
com- 
| by, 
ugh 
ould 
new 
1 for 
icdies 
| be 
n of 
ields 
ider- 


d, as 
h to 
tling 
and 
tists 
reful 
‘tice, 
long 
coal- 
cing 
here 
ition 
e of 


J 


reto- 
ined 
3sian 
d to 
life. 
1 the 
sime- 
glish 
have 
such 
atics 
; for 
ctice 
; can 
athe- 


nflict 


y¢ me 
own 
reign 
and 
lobes 
1 the 











4 


EPRI STA TERETE 

















No. 4517 May 26, 1956 


arts or the sciences may occupy, say, two years at 
school and three at the university ; but premature 
specialization is deplorable both for scientists and 
for non-scientists. 

Prof. Ubbelohde said that though all would agree 
about the strength and grace contributed to the 
spirit of man by the new learning of the Renaissance, 
certain grave sources of weakness arise from the 
more mechanical practices of humanistic school 
teaching. Instead of giving real access to Greek and 
Roman civilization, all too often there is a prolonged 
and clumsy fumbling with rules of grammar and 
composition, and the mechanics of constructing 
Greek and Latin verses. Instead of teaching living 
foreign languages, schools often teach lists of words, 
irreguar verbs and grammatical rules. Instead of 
teaching history as a living perspective of human 
thought and action, schools often concentrate on 
kings and queens and concubines and sometimes on 
archbishops and heretics. 

Each of the speakers also dealt with broader 
philosophical aspects of education in science and in 
the humanities, and with higher education at the 
universities. Dr. Linstead quoted the “fanaticism of 
veracity’ for which scientists were praised by 
Huxley ; though this is only partly compensated for 
by the greater appreciation of beauty which may be 
attributed to humanists, the main influences which 
affect the moral and social education of a man come 
from outside his formal instruction and are essentially 
independent of the choice of his main ‘subjects of 
study. A university student specializing in science, 
particularly for an honours degree, has to work very 
hard to master a large amount of factual material, 
and to complete the practical courses required. 
Particularly in the early years of a scientist at a 
university, these heavy demands on time leave far 
less opportunities for general reading, for games and 
even for gossip. At first, science students appear to 
become more narrow, more specialized and even 
rather duller than their humanistic contemporaries ; 
but at the postgraduate stage, after this novitiate in 
science, a great breadth of interests is discernible ; 
comparisons at this level are by no means unfavour- 
able to a scientific university education. In the 
research laboratory, both the critical faculties and 
creative power of students receive their maximum 
encouragement. This stimulation of the restless 
spirit of inquiry, and its real satisfaction by research, 
is an unforgettable educational experience. A 
positive advantage is the large element of practical 
work involving skilled use of the hands, which is an 
undoubted source of satisfaction to so many scientists. 

Mr. Hallward and also Mr. Lee stressed the large 
gaps in an education specializing in pure science. 
Chief of these is that the sciences do not give access 
to judgments of value. In particular, science is 
amoral. It may provide just that knowledge which 
is required for automation, but science fails to give 
an understanding of human motives which are 
equally important for automation—for example, in 
dealing with trade union problems. 

To focus this part of the debate, Mr. Hallward 
gave a list of some of the most compelling problems 
of our age, in order to point out that an education 
based exclusively on science could make the best 
contribution to their solution in only very few 
instances. These were: (a) the spiritual and moral 
crisis of Western civilization ; (b) the conflict between 
Christianity and materialism; (c) international 
tension; (d) the growth of the power of the State 
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and the tendency to sacrifice liberty for equality ; 
(e) the evil power of certain dictators or oligarchs 
over men’s minds, with the possibilities of ‘brain 
washing’; (f) industrial strife, with special reference 
to current policies of ‘beggar my neighbour’ and 
certain aspects of trade union politics; (g) world 
population and food supplies; (hk) education for 
leisure, shortening of the working day, the develop- 
ment of automation ; (7) the triumph of ugliness and 
Philistinism. 

Those opposing conceded that science trains the 
quantitative measuring faculty in the broadest sense. 
It develops human capacities for observation and 
experimentation, especially in the quantitative fields 
of experience. Popular use of the word ‘scientific’ to 
mean ‘rationally argued’ is, however, very super- 
ficial. Even where science can provide or suggest 
solutions to current problems, scientific training does 
not develop the faculty of arguing about opinions, or 
of persuading human behaviour. Both the emotions 
and the artistic sense are highly important for sound 
living, and are left wholly uneducated by science. 

Prof. Ubbelohde stressed that an excessive pre- 
occupation with specialized knowledge in either the 
arts or the sciences will fail to develop social faculties 
in @ man or woman. But science has a real social 
contribution to make in the sense that even the 
humblest learner begins to understand by the earliest 
steps of his progress that he belongs to a house of 
many mansions, built by the labours of many workers 
and honouring named heroes from all over the world. 
Science gives one of the most direct entries to im- 
portant activities that transcend national differences. 
So far from sensing barriers between the learning of 
various nations, scientists are keenly and indeed 
desperately aware of the interdependence of the 
peoples of mankind. To form a part, however 
humble, in an international advance upon ignorance 
and human helplessness is a social privilege which 
belongs naturally to scientists. 

A second important educational fact about science 
is that many people find natural phenomena highly 
interesting. For example, Sir Walter Raleigh, 
Charles II and Dr. Johnson had all found solace from 
other troubles in a concentration on practical chem- 
istry. Education to be effective must harness and 
guide real, substantial and perennial interest. 
Furthermore, since interest in natural phenomena 
can be developed and cultivated at various levels, 
scientific education tends to cement together rather 
than to separate various classes in the community. 

A unique contribution to education made by 
science is in its approach to knowledge by experi- 
ment. This highly distinctive practice is quite 
modern. To utilize the full educational force of 
science, it is not sufficient to teach abstract sciences 
of the mind, such as mathematics. The mind must 
grow by learning to humble itself before objective 
facts of observation. By degrees it must learn to 
submit even the most forceful and imposing mental 
constructions to external tests. Almost in spite of 
itself the intellect learns that much human know- 
ledge incorporates progressive experience. Know- 
ledge inherited from precursors is important, but 
training particularly in the experimental sciences 
cannot induce complacency with inherited knowledge. 
Notwithstanding our shrunken world, the vast realm 
of knowledge remains wide open to scientific explora- 
tion. This maintains a freshness of outlook in 
scientific education ; as is only natural, for human- 
istic learning the educational enthusiasm which was 
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at its flood at the time of the Renaissance has by 
now undergone considerable attrition. 

Each of the speakers, whether for or against the 
motion, made it clear that no support should be 
given to a humanistic education without access to 
science and the experimental method, or to an 
education that was wholly scientific without access 
to a training in values. Even from the strictly 
vocational point of view, the technological climate 
we now live in makes demands on education that 
are not fully met by past practice. Power on a very 
extensive scale has been placed in human hands 
during the past fifty years—as always in things 
human, power and knowledge for good or for 
evil. 

We simply cannot allow anyone with any vocation 
of leadership or of effective service to remain wholly 
ignorant of science. In order to judge and to direct 
important policies, perspectives of action need to be 
viewed rightly ; this includes judgments of potential 
contributions from science and technology. It is 
equally foolish to attribute our current malaise 
wholly to the ignorance of humanists at odds with 
forces they do not understand, or wholly to the 
rashness of uneducated scientists acting under the 
impulse of monstrous powers they should never have 
released. A new educational synthesis between 
humanism and science seems called for. 

In this connexion, an important observation was 
made by one of the audience, Mr. J. A. Ratcliffe. 
The current forms taken by science teaching at 
schools and still more at the universities are determ- 
ined by a strong vocational demand. By the time 
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scientists or engineers or medical men or many other 
university graduates leave the university, they are 
expected to have acquired effective training in their 
speciality. Teaching courses in science contain in 
themselves many of the benefits claimed fo: a 
scientific education; but their need to provide 
effective specialized training makes it necessary) to 
include features not in themselves of high educational 
value. 

A similar comment can probably be made about 
specialized courses in humanistic subjects when these 
aim at giving effective specialized training. It can 
likewise be argued that the influence of the Renais. 
sance grammarians still unduly affects education in 
classical subjects at school; unconsciously this is 
still organized to give a training which was of great 
importance for those who neéded accurate profes- 
sional use of Greek and Latin. By thinking out 
afresh the content of a course in general science at 
the university-level, including access to the experi- 
mental method, it should prove possible to make 
even fuller use of the educational possibilities of 
science and to promote a new ‘Greats’ course com- 
bining humanities and sciences effectively. 

With all this new ‘tailoring’, it is not yet clear 
whether the specialists in either camp will be able to 
impart the vital academic experience of study in 
depth of selected subjects to students of new hybrid 
courses. The debaters did not enlarge on such doubts, 
but were content to agree that appropriate access to 
the humanities and to the sciences is a necessary 
part of good education at the present time. 

A. R. UBBELOHDE 


EPOXIDE RESINS 


NDER the title ‘““Epoxide Resins, their Chemistry 

and Structure in Relation to their Properties 
and Applications”, the Plastics and Polymer Group 
of the Society of Chemical Industry organized a 
symposium during April 11-13, which was held in 
the Beveridge Hall of the Senate House, University 
of London. About four hundred scientists registered 
for the conference, including forty overseas repre- 
sentatives of the United States, the Netherlands, 
Switzerland, Germany, Italy, Belgium, France and 
Sweden. Preprints of most of the papers presented 
were available before the meeting, so that authors 
needed only to summarize their contributions, with 
the result that ample time was available for dis- 
cussion. Dr. 8S. H. Bell, chairman of the Group, 
acted as general symposium chairman; Dr. J. J. P. 
Staudinger, the late Dr. S. Whitehead and Dy. 
N. J. L. Megson took charge of the individual sessions, 
which were all well attended. 

The considerable interest aroused by such a special- 
ized subject as epoxide resins is to be attributed to 
the comparative newness of the materials, which 
have been commercially available for only a few 
years, combined with the outstanding properties of 
the products and a lack of detailed knowledge of 
their chemistry. They already hold a firm position 
as excellent adhesives, and they show great promise 
in the glass laminating field and for the potting and 
encapsulating of electronic equipment. Furthermore, 


as some of the papers showed, they are capable of 
extensive modification to yield products of potential 
value in other applications. 


The reaction of epichlorhydrin with a phenol to 
give an epoxide derivative has been known for about 
a hundred years, but the exploitation of the method 
in the production of a polymer is a recent invention. 
Epoxide resins were developed simultaneously by 
Ciba in Switzerland and by Davoe and Raynolds in 
the United States, and were first made on an indus- 
trial scale in 1950. The essential step is the reaction 
of epichlorhydrin with a bifunctional phenol, of which 
diphenylolpropane (2 : 2-bis(4-hydroxyphenol) _ pro- 
pane) is the commonest example. The type of 
molecule obtained can be represented by formula I : 
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The value of n will depend on such factors as ratio 
of reactants and time of condensation. If n is unity 
or greater, then the characteristic structure is that 
of an aliphatic aromatic polyether containing terminal 
epoxy groups and pendent hydroxy! groups. This 
molecule can be cured or hardened by the addition 
of dibasic acid anhydrides, such as phthalic anhydride, 
or of aromatic or aliphatic polyamines or related 
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compounds. The curing conditions and properties 
of the final resins will depend on the molecular 
weight of the original uncured resin and on the type 
of curing agent used. 

As pointed out by Mr. E. 8S. Paice, commercial 
production depends on the large-scale availability of 
epichlorhydrin. This compound is now made as an 
intermediate in the synthesis of glycerin through the 
hot chlorination of propylene, and production is 
likely to be undertaken in Europe later this year. 

The fourteen papers of the symposium, although 
very varied in character, can conveniently be grouped 
into four main categories : chemical aspects, including 
hardeners (five papers); modified resins (three 
papers); applications (two papers); and special 
aspects (four papers). 
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Chemical Aspects 


Difficulties associated with hardeners were dis- 
cussed by F. J. Allen and W. M. Hunter, with special 
reference to resins containing no free hydroxyl groups 
(formula I,n=0). Hardeners such as phenolic resins 
may react in three ways, all of which lead to the 
formation of a potentially reactive hydroxyl group. 
Epoxide/phenolic resin mixtures are stable for con- 
siderable periods, and as a result are useful for 
making laminates, since impregnated sheets can be 
stored safely for several weeks. Acid anhydride 
hardeners are frequently used, but suffer from the 
defect that they are insoluble in the epoxide resin at 
room temperatures, so that mixing and curing have 
to be carried out at high temperatures and for 
extended times. 

Aliphatic and aromatic amines are more favoured 
because they can induce hardening at low tempera- 
tures. Furthermore, if polyfunctional amines are 
used, they can cause ready cross-linking. They may 
act catalytically, causing polymerization through 
epoxide groups, or they may function by reacting 
with the resin. Tertiary amines or monofunctional 
secondary amines are typical of catalytic hardeners, 
which bring about ionization of epoxide groups. 

Typical polyfunctional aliphatic amines are diethy]- 
enetriamine and _ triethylenetetramine. The dis- 
advantages of such amines include development of a 
high exotherm during hardening, whereby bubbling 
is caused in the resin; toxic properties; short pot- 
life of resins made with them ; and critical nature of 
resin/amine ratio. Some of these drawbacks can be 
overcome by using adducts or reaction products of 
the amines with other compounds, including the resin 
itself, acrylonitrile and ethylene (or propylene) oxide. 
Such adducts increase pot-life and reduce exotherms 
but tend to bring about some deterioration in pro- 
perties of the cured resin. For general use, aromatic 
amines such as m-phenylenediamine and 4: 4’- 
diaminodiphenylmethane are satisfactory, leading to 
high heat-distortion temperatures and good mechan- 
ical properties. 

Dr. W. Fisch, with Dr. W. Hofmann and Dr. J. 
Koskikallio, described chemical investigations on the 
hardening of resins (formula I, »=1 or more) with 
phthalic anhydride. Previous work had shown that 
the anhydride reacted with pendent hydroxyl groups 
to yield monoesters, and that the carboxyl group 
thus formed reacted with an epoxy group to give a 
diester and a further hydroxyl group, which could 
itself react with anhydride. Analytical studies of 
the reaction revealed the surprising fact that epoxy 
groups decreased much more rapidly than the diesters 
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increased, and it therefore appeared that epoxy 
groups must take part in other reactions, for example, 
with hydroxyl groups. It was further found, sur- 
prisingly, that the reaction of anhydride with hydroxy] 
groups leads to an equilibrium which is strongly 
dependent upon temperature. Fisch concluded that 
a cured resin contains anhydride, monester and 
hydroxyl groups even after complete reaction of the 
epoxide groups. 

Novel types of curing agent, namely, aniline- 
formaldehyde resins of low molecular weight, were 
described by Dr. R. R. Bishop. Such resins may be 
considered as closely related to aromatic amines of 
more conventional types, and in fact they yield cured 
resins having properties similar to those obtained 
by the use of 4: 4’-diaminodiphenylmethane. The 
resins have advantages in being relatively cheap and 
in not possessing bad dermatitic properties. 

The use of infra-red spectroscopy as a tool in 
following the curing of resins formed part of the 
subject of a paper by Dr. L. A. O’Neill and C. P. Cole. 
The results suggest that hardening of a resin with 
ethylene diamine proceeds through interaction of 
epoxy and primary amine groups, followed by reaction 
of an epoxy group with the secondary amine thereby 
formed. When highly complex polyamides are used 
as curing agents, cross-linking occurs at an earlier 
stage of reaction, although the resins are then some- 
what softer. From chemical studies, O’Neill and 
Cole conclude that the esterification of epoxide resins 
with long-chain fatty acids (for example, from linseed 
oil) consists of a rapid attack of epoxy groups followed 
by a somewhat slower reaction with hydroxyl] groups. 

This last finding was confirmed by Dr. P. Bruin, 
who pointed out that since esterification by long- 
chain fatty acids uses up most of the epoxy groups, 
final curing has to proceed without making use of 
these groups. Dr. Bruin also discussed the mechan- 
ism of hardening with amines, as well as the potential 
use of phenolic resins (see Allen and Hunter, above). 
He pointed out that it is essential to strike a proper 
balance to prevent interaction of methylol groups in 
such resins, before the phenolic hydroxyl groups can 
react with the epoxide resin. 


Modified Resins 


The so-called ‘polyepoxide’ resins were described 
by Miss M. G. Ivinson, B. R. Howe and F. M. Karpfen. 
These materials are essentially phenolic resins in 
which the hydroxyl groups have been combined with 
epoxy residues. They yield a rigidly cross-linked 
system and, compared with normal epoxide resins, 
cure much more rapidly with primary amines. 

A different type of modification can be made by 
making polyamides, derived from dimeric fatty acids, 
react with epoxide resins. A paper by D. E. Floyd, 
D. E. Peerman and Dr. H. Wittcoff devoted much 
attention to the mechanism of dimerization, it being 
uncertain whether the reaction is of Diels-Alder type 
or whether it occurs through Farmer’s suggested con- 
jugated free radical. The resins themselves are recom- 
mended by Wittcoff for surface coatings, adhesives, 
castings, tools and dies, potting and encapsulation, 
and for reinforced laminates ; the outstanding proper- 
ties are claimed to be low shrinkage, low exotherm, 
low volatility and low toxicity, combined with 
excellent adhesive and ‘wetting’ properties, and good 
dielectric strength. 

Dr. T. F. Mika discussed the use of rubber-modified 
epoxide resins. Nitrile rubbers containing sulphur 
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react through thiol groups, whereby mixed polymers 
are formed. The epoxide resin constituent acts as a 
reinforcing agent and confers improved solvent 
resistance and increased tear-strengths. 


Applications 


Mr. H. G. Manfield gave a comprehensive account 
of the use of epoxide resins in the potting and encap- 
sulation of electronic equipment. The resins have 
special value in that they have good sealing proper- 
ties. Manfield considers that their greatest future 
outlet lies in transformers, but pointed out various 
difficulties in this field. Supported by Dr. A. J. 
Warner, he made a plea for closer liaison between 
users and resin manufacturers, particularly from the 
point of view of electrical properties over a range of 
frequencies and temperatures. 

The possible use of epoxide resins as stabilizers for 
polyvinyl chloride (P.V.C.) was discussed by Dr. 
E. C. A. Horner. When used with other compounds, 
not necessarily good stabilizers themselves, a syner- 
gistic effect is observed, whereby the resulting 
stabilization is better than that expected from either 
component separately. 


Special Aspects 


A paper by Dr. L. B. Bourne, a medical officer 
attached to a large organization, raised much interest 
since it dealt with handling precautions. Dr. Bourne 
stressed the toxic nature of many of the curing agents 
employed, and the necessity for extreme care in large- 
scale use. He considered, however, that the use of 
good barrier creams to reduce skin contact, efficient 
ventilation and the reduction to a minimum of 
quantities handled at any one time, combined with 
good training of personnel and the use of cautionary 
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notices, could be adequate. He gave details of 
desirable treatments in case of need. 

The important role of glass fibres as reinforcing 
agents was covered by Mr. K. J. Brookfield, who 
outlined the methods of production of fibres and 
described the special treatments now provided to 
improve adhesion of resins. These treatments 
include the use of methacrylato chromic chloride, 
vinyl trichlorosilane and a new compound based 
on the interaction of allyl trichlorosilane with 
resorcinol. 

The fundamentals of adhesion, with special refer- 
ence to epoxide resins, were most lucidly presented 
by Dr. N. A. de Bruyne. Experiments on mono- 
molecular films, determination of dipole moments 
and influence of chemical structure all lead to the 
conclusion that hydroxyl groups are largely, but not 
entirely, responsible for the good adhesive properties. 
Measurements of differential strains in aluminium 
joints similarly suggest that the rise in breaking 
stress with hydroxyl content is associated with a fall 
in the residual stress. 

The place of epoxide resins in industry was dis. 
cussed by Mr. E. 8. Paice in the final paper. Basing 
his conclusions on estimates in the United States, 
he thought that, by 1960-62, the market in Great 
Britain should be between 7,000 and 10,000 tons a 
year. Of this amount, 55 per cent would be absorbed 
in surface coatings, and the remainder would go to 
‘potting’ of electrical equipment, press tools, struc- 
tural laminates, adhesives and miscellaneous uses. 
Although increase in production would naturally lead 
to a reduction in price, he considered that epoxide 
resins would remain inherently more expensive than 
existing resins; nevertheless, he believed their 
special properties would ensure them a prominent 
place in industry. N. J. L. Mecson 


OBITUARY 


Mme. Iréne Joliot-Curie 


AtrHoucH the health of Madame Iréne Joliot- 
Curie had given cause for anxiety for several years, 
her death on March 17 came as an unexpected 
shock to those outside her immediate circle, not only 
to those who had known her personally but also to 
all who have worked or studied in the field of radio- 
activity. She was born in the stirring days of 
radioactivity when her parents were making their 
great discoveries, she grew up with radioactivity, 
and all her working life was devoted to its study. 
She bore an honoured name, to which she added 
lustre by many contributions of great importance in 
radioactivity and in the development of nuclear 
physics. 

Iréne Curie was born on September 12, 1897, the 
first child of Pierre and Marie Curie, née Sklodowska, 
a few months before the publication of the papers 
announcing the discovery of polonium and of radium. 
Her early training was interrupted by the First 
World War, during part of which she served as a 
radiographer, and afterwards she became ‘préparateur’ 
to her mother at the Laboratoire Curie of the Institut 
du Radium in Paris. Here she received a thorough 
grounding in all aspects of radioactivity, both phys- 
ical and chemical, which gave a secure basis for her 
future work. Her first important paper was on the 
a-rays of polonium, presented for her doctor’s thesis 


in 1925. In 1926 she married Frédéric Joliot, who 
had joined the Institut du Radium a year or two 
earlier as special assistant to Mme. Curie, and there 
began a collaboration of husband and wife in 
scientific work rivalling in productive genius even 
that of her parents. Equal in the partnership, each 
was a fitting complement to the other, and together 
they published some remarkable work. The most 
outstanding of their joint papers were published in 
the years 1932-34. In the first of these, on the 
radiation excited in beryllium by «-particles, they 
reported a very strange effect which provided the 
clue to the discovery of the neutron. Then, after 
studying the conditions of excitation of neutrons by 
the impact of a-particles on various elements, the) 
turned for a time to the ‘materialization’ of positive 
electrons through the action of y-rays of high energy. 
This was followed by a systematic study of the 
radiations emitted from the lighter chemical elements 
under the impact of «-particles, which through the 
light of intuition—and good technique—led them, in 
early 1934, to their beautiful discovery of artificial 
radioactivity. An interesting feature of this dis- 
covery is that it was so long in coming; for the 
phenomenon of artificial radioactivity had been 
expected, and sought for, since the earliest days of 
radioactivity. For this discovery the Joliot-Curies 
were awarded the Nobel Prize for Chemistry in 1935. 
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About two years later, Mme. Joliot-Curie was 
appointed by M. Blum as Under-Secretary of State 
for Scientific Research. This office and her numerous 
other duties must have absorbed a great deal of her 
time and attention; moreover, her health was 
showing signs of having been affected by her exposure 
to radiation during years of work with strongly 
radioactive materials. But her scientific work con- 
tinued without abatement. With P. Savié, she 
examined in detail the artificial radioelements pro- 
duced by the irradiation of uranium by slow neutrons, 
analysing the products and identifying them chem- 
ically, and she came within a hair’s-breadth of 
recognizing that the phenomenon involved in the 
production of these elements was that of fission. 
Then came the Second World War and the German 
occupation of France, during the last year or two of 
which she retired to Switzerland with her two 
children. 

When the French atomic energy project was 
started in late 1945, she was_appointed one of the 
four scientific commissioners, the others being F. 
Joliot-Curie, P, Auger and F. Perrin. When Joliot 
was dismissed in 1950 on account of his Com- 
munistie activities, she retained her post and served 
the full term of five years ; but on the reorganization 
of the Commission early in 1951 she was no longer 
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New Foreign Member of the Royal Society : 
Prof. R. B. Woodward 


RosBert Burns Woopwarp, professor of organic 
chemistry in Harvard University and recipient of 
many honours, has now been elected a foreign 
member of the Royal Society. In 1937 he was 
awarded the degree of Ph.D. at the Massachusetts 
Institute of Technology and shortly afterwards 
moved to Harvard University. His work there has 
ranged over almost the whole field of organic 
chemistry, and has had an outstanding influence 
upon the development of the subject, particularly 
during the past decade. His most important con- 
tributions have been concerned with the elucidation 
of the structure of natural products and their total 
synthesis, and in this his views on _ biogenesis 
have been of great value. His synthesis of quinine 
(1944), followed by his brilliant work culminating in 
the first total synthesis of the steroids (1951), has 
created a new era in synthetic organic chemistry. 
He has regarded the complexity of some natural 
products as a challenge, and this he has met by 
applying in masterly sequence the methods now 
available to the modern organic chemist. His recent 
total synthesis of strychnine will always be regarded 
as @ classical achievement. His work on the elucida- 
tion of the structure of natural products is charac- 
terized by the use of physical methods which are 
suitably complementary to the chemical methods of 
structural investigation. He was a pioneer in the use 
of ultra-violet and infra-red spectroscopic techniques 
in structural work, and the present popularity of 
these methods is in some measure due to his influ- 
ence; his rules concerning the ultra-violet spectral 
properties of various chromophoric systems are of 
great value. Many natural products have been 
forced to reveal the secrets of their molecular archi- 
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included. During these years she was the chief link 
between the Commission and the Institut du 
Radium and the University of Paris, and she served 
as the Commission’s representative on several com- 
mittees. She continued at the same time to publish 
work on various aspects of radioactivity, for her 
ardour for scientific research was such that neither 
administrative duties nor failing health could keep 
her from her laboratory. 

Her parents were both persons of strong and 
independent mind, and Mme. Joliot-Curie inherited 
much of their character as well as their scientific 
genius. She had a powerful personality, simple, 
She knew her mind and 
spoke it, sometimes perhaps with devastating frank- 
ness; but her remarks were informed with such 
regard for scientific truth and with such conspicuous 
sincerity that they commanded the greatest respect 
in all circumstances. In all her work, whether in the 
laboratory, in discussion, or in committee, she set 
herself the highest standards and she was most 
conscientious in the fulfilment of any duties she 
undertook. 

She leaves with her husband two children—a 
daughter Héléne, married to a grandson of the late 
Prof. P. Langevin, and a son Pierre. 

J. CHADWICK 
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tecture as a result of Woodward’s attentions, and 
these have included patulin, sempervirine, terra- 
mycin, aureomycin, magnamycin, ajmaline and 
cevine and related veratrum alkaloids. 


Astronomy in the Australian National University : 
Prof. Bart J. Bok 


Dr. Bart J. Box, who has been appointed to 
succeed Dr. R. v. d. R. Woolley in the chair of 
astronomy at the Australian National University, 
will take to Mount Stromlo a detailed knowledge 
of the problems of galactic structure and stellar 


statistics, to which he can apply observations 
obtained with the new 74-in. reflector of the 
Commonwealth Observatory. At Harvard, Bok was 
closely associated with Harlow Shapley, and Bok 
himself took a particular interest in the problems 
of the southern hemisphere, visiting the Harvard 
Observatory at Bloemfontein, South Africa, to secure 
observations with the 60-in. reflector. As a con- 
sequence of the closing down of the Harvard Southern 
Station, Bok has recently turned his attention to 
radio astronomy, and his appointment to the chair 
at Canberra will no doubt strengthen the contact 
between astronomy at Mount Stromlo and the radio 
astronomy work of the Radio Physics Laboratory of 
the Commonwealth Scientific and Industrial Research 
Organization at Sydney. 


Beit Memorial Fellowships for Medical Research 


Tue following Beit Memorial Fellowships for 
Medical Research have been awarded for research 
work at the places indicated. Fourth-Year Fellow- 
ship (£1,000 a year): Dr. Evelyn E. B. Smith, 
synthesis of hyaluronic acid and of specific poly- 
saccharides in pneumococci (Departments of Bac- 
teriology and Biochemistry, University of Glasgow). 
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Junior Fellowships (£800 a year) : Dr. R. J. Shephard, 
changes in the dynamic pressure volumes and in the 
vital capacity of the lungs in man, with the view 
of elucidating various types of dyspnoea (Department 
of Physiology, Guy’s Hospital Medical School, 
London); Dr. J. R. Tata, normal and abnormal 
pathways of metabolism of the thyroid hormones 
(National Institute for Medical Research, Mill Hill) ; 
Dr. V. C. Abrahams, physiology and pharmacology 
of the hypothalamus, particularly in relation to the 
control of water balance (National Institute for 
Medical Research, Mill Hill); and T. F. Slater, 
enzymic constitution of the mammary gland in 
relation to lactation and, in particular, the synthesis 
of milk proteins (Department of Biochemistry, 
University College, London). 


Institution of Mining and Metallurgy : Awards 

THE Council of the Institution of Mining and 
Metallurgy has made the following awards: Gold 
Medal of the Institution, Dr. J. A. Bancroft, in recog- 
nition of his long and distinguished services to the 
mineral industry in southern Africa and in the 
advancement of the science and practice of economic 
geology ; Honorary Membership of the Institution, 
the Hon. C. A. Banks, in recognition of his services to 
the mining industry, with particular reference to his 
pioneering work in the introduction of air transport 
for the equipment of poorly accessible mineral 
properties ; the Right Hon. Viscount Chandos, for 
his services to metallurgical industries in the United 
Kingdom ; and Mr. G. F. Laycock, past-president of 
the Institution, for his services to the mineral industry 
and to the Institution ; Consolidated Gold Fields of 
South Africa, Limited, Gold Medal for the session 
1954-55, Mr. J. F. G. R. Heywood, for his paper 
entitled “Pressure Manifestations at Great Mining 
Depths on the Witwatersrand” (Trans. Inst. Min. 
Metall., 64); and The Consolidated Gold Fields of South 
Africa, Limited, Premium of Forty Guineas for 1954— 
55, Dr. J. J. Brummer, for his paper entitled ‘“The 
Geology of the Roan Antelope Orebody” (Trans. 
Inst. Min. Metall., 64); William Frecheville Student's 
Prize for the session 1954-55, Mr. F. M. Vokes and 
Mr. W. G. Jeffery conjointly for their paper entitled 
“The Geology of New Consols Mine, Cornwall’ 
(Trans. Inst. Min. Metall., 64). 


Avogadro Centenary Commemoration in Rome 

Tuis year is the centenary of the death of Amedeo 
Avogadro, the Italian chemist and physicist whose 
discovery of one of the fundamental laws concerning 
the behaviour of gases brought him universal fame. 
To mark the occasion, the Accademia Nazionale dei 
XL, of which Amedeo Avogadro was a member, is 
organizing a commemoration ceremony which will 
take place on June 6 in Rome at the Capitol in the 
presence of representatives of the Italian Government 
and of foreign countries and prominent personalities 
from Italian cultural life. Appreciations of Avogadro’s 
work will be given by Prof. Francesco Severi, presi- 
dent of the Accademia dei XL, Sir Cyril Hinshel- 
wood, of the University of Oxford, president of the 
Royal Society, Prof. Linus Pauling, of the Institute 
of Technology, Pasadena, and Prof. G. B. Bonino, of 
the University of Bologna. 


International Control of Pelagic Fisheries 

AFTER discussion for several years, the Inter- 
national Law Commission last year agreed on rules 
to allow coastal States to prevent the fisheries near 
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their own shores being exploited to the point of 
extermination by larger States. On May 2, The Tires 
reported an attempt by representatives of Mexico 
and India to delete the provisions for compuls..ry 
arbitration included in the draft for the settlem nt 
of disputes. There are some resources such as «jl, 
non-migratory fish, guano, weed and other marine 
products for which local jurisdiction seems reason. 
able. Others, such as whales, seals, salmon and ot)hier 
migratory fish, can be fished just as successfully in 
the deep ocean a thousand miles away. They are 
the same stocks as are fished at the coast and can 
be conserved only by international agreement. ‘Ihe 
work and success of the International Whaling Com- 
mission and the North Pacific Fur Seal Agreement 
are striking examples of how regulation and inter. 
national co-operation can be achieved. It is clear 
from the report in The Times that the Law Com- 
mission and the General Assembly of the United 
Nations, while prepared to support well-founded 
claims, will not favour the general establishment of 
frontiers on the high seas. To the marine scientist 
such divisions of the ocean will be particularly 
objectionable. The usefulness of the seas and oceans 
to the small States as well as to the principal maritime 
powers depends ultimately on international co- 
operation in their study and use. The international 
councils, unions, and United Nations organizations 
will do more to improve the fisheries than is likely 
to be achieved by imposing too many local restric- 
tions. There would soon be no whales off any coast 
in the southern hemisphere if it were not for active 
international co-operation in the Antarctic. The 
same co-operative spirit will eventually be needed in 
other pelagic fisheries. 


Colonial Advisory Council of Agriculture, Animal 

Health and Forestry 

THE Secretary of State for the Colonies, Mr. Alan 
Lennox-Boyd, has amended the terms of reference of 
the Colonial Advisory Council of Agriculture, Animal 
Health and Forestry which was first set up in 1929, 
and its membership has been altered to bring it in 
line with its new functions. The new terms of reference 
are as follows: (1) to keep under review the general 
conditions of agriculture, animal health and forestry 
in the Colonial Empire and to maintain contact with 
the work of the Colonial Governments in these 
spheres of development ; (2) to advise the Secretary 
of State or individual Colonial Governments at their 
request upon general policy and development or 
particular aspects of policy and development in the 
fields of agriculture, animal health and forestry ; 
(3) to bring to the attention of the Committee for 
Colonial Agriculture, Animal Health and Forestry 
Research in broad outline such problems in these 
fields on which research or investigation is required ; 
(4) at the request of Colonial governments to visit or 
make arrangements for visits by other than members 
of the Council. 

The membership of the Council is as follows : 
Lord Lloyd, Parliamentary Under-Secretary of State 
for the Colonies (chairman); Mr. W. B. L. Monson, 
Assistant Under-Secretary of State, Colonial Office 
(vice-chairman) ; Prof. W. I. B. Beveridge, professor 
of animal pathology, University of Cambridge ; Mr. 
W. H. Cashmore, director of the National Institute 
of Agricultural Engineering ; Mr. C. Clark, director 
of the Institute for Research in Agricultural 
Economics, University of Oxford ; Sir Geoffrey Clay, 
agricultural adviser to the Secretary of State for the 
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Colonies; Mr. F. 8. Collier, forestry adviser to the 
Secretary of State for the Colonies; Prof. M. McG. 
Cooper, professor of agriculture and rural economy, 
King’s College, University of Durham; Dr. W. 
Davies, director of the Grassland Research Institute ; 
Prof. A. N. Duckham, professor of agriculture, 
University of Reading; Sir Frank Engledow, pro- 
fessor of agriculture, University of Cambridge ; Mr. 
G. Lacey, adviser on drainage and irrigation to the 
Secretary of State for the Colonies; Mr. D. Martin, 
of Unilever, Ltd.; Mr. R. S. Marshall, adviser on 
animal health to the Secretary of State for the 
Colonies; Mr. D. Rhind, Secretary for Colonial 
Agricultural Research ; Sir William Slater, secretary 
of the Agricultural Research Council. The technical 
secretary of the Council is Mr. L. Lord, assistant 
agricultural adviser to the Secretary of State for the 
Colonies, and the secretary is Mr. A. 8. Gann, of the 
Colonial Office. 


Shortage of Scientific Workers in Great Britain 


A PAPER entitled ‘““Technical Education—Shortage 
of Scientists, Technologists and Technicians’, pre- 
pared for private circulation by Mr. John Wellens 
(24 Mossley Road, Grasscroft, near Oldham, Lancs), 
comments on the Government’s recent White Paper, 
suggesting that the White Paper offers little that is 
new and effective and supporting Lord Simon of 
Wythenshawe’s recent proposal for a Royal Com- 
mission of inquiry. Mr. Wellens suggests that a 
Commission should be established and directed to 
report within six months. It should examine such 
major problems as the distinction between tech- 
nologist and technician, the training appropriate to 
each, and the practicability or otherwise of training 
both in the same institutions. Mr. Wellens stresses 
that a number of questions demanding urgent 
examination are glossed over or ignored in the White 
Paper, and thus the Commission should also consider 
the quantitative demand and its relation to the 
demands of other sections of our national life, the 
extent of the existing wastage and its prevention, the 
avenues and opportunities of co-operation between 
education and industry in technical education, 
apprenticeship and its problems, the utilization of 
technologists, and the purpose and place of the 
technical schools. The Commission as a result would 
prepare a national policy or plan and recommend the 
type of agency required to see that the plan is put 
into operation. 

Mr. Wellens does not refer to the ‘sandwich’ 
scheme of courses; but he himself recommends that 
the proposed central agency should be so equipped, 
staffed and financed as to have additional functions, 
such as research, the continuous collecting and dis- 
semination of information and consulting services. 
It should be responsible for keeping permanently in 
touch with appropriate agencies in other countries 
and should function continuously and actively. 
Those universities with a major interest in tech- 
nology should establish chairs of industrial education 
to promote independent research. Mr. Wellens’s 
concern appears to be to obtain as a matter of urgency 
constructive answers to the vital questions which he 
indicates and which the Government has largely 
ignored. 
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History of Science in India 

Ar a meeting of the Council of the National 
Institute of Sciences of India, held in May 1955, the 
question of compiling a history of science in India 
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was considered (Sci. and Cul., 21, No. 8; February 
1956). It was decided that this history, when written, 
should be divided into three periods, namely, the 
earliest years up to A.D. 1200, the medieval period 
A.D. 1201-1800 and the British period a.p. 1801- 
1950. It was also decided to invite the views of 
existing institutes and academies in the country 
which are in a position to undertake this type of work. 
These include the Bhandarkar Institute, Poona, and 
the Asiatic Society, Calcutta. The idea of writing 
such a history of science was first mooted in 
November 1951 at a symposium on the history. of 
sciences in South Asia, held in Delhi under the joint 
auspices of the National Institute of Sciences of 
India and Unesco. At the symposium the National 
Institute was invited to convene a group to study 
the history of science in India. In view of the 
expenses which will be involved, the National 
Institute has decided to approach the Government 
of India for a grant under the Second Five Year 
Plan to undertake the project it has in mind. 


Virus Transmission by Aphids 


M. F. Day has reported on experiments under: 
taken with the view of determining the mechanism 
of the transmission of the potato leaf-roll virus by 
aphids (Austral. J. Biol. Sci., 8, 4, 498; 1955). He 
states that the virus causing potato leaf-roll can be 
recovered from the hemolymph of Myzus persicae, 
the aphid vector. Infective virus has also been 
separated from the bodies of infected vectors. The 
virus can be transmitted by an aphid after a moult, 
and infectivity is retained for at least eight days ; 
during this time the aphid is able to infect many 
plants. M. persicae is a much more efficient vector 
than Macrosiphum euphorbiae. Experiments suggest 
that the virus multiplies to a limited extent in M. 
persicae. When this vector feeds on a plant con- 
taining a low concentration of virus there is generally 
a latent period (of approximately 20 hr. at 25° C.) 
between the acquisition feed and a_ successful 
inoculation feed. When the vector feeds on a source 
of high virus concentration, occasional transmission 
is obtained with short (approximately 2 hr.) 
acquisition and inoculation feeds. However, the per- 
centage of transmissions under these conditions with 
the local strain of M. persicae is lower than that 
reported by American workers. No clonal differences 
in vector efficiency were found. Attempts to isolate 
strains of leaf-roll virus with different vector relation- 
ships were unsuccessful. The relevance of these 
results to the mechanism of transmission of viruses 
by insects is discussed. It is suggested that the 
occurrence of a latent period in a virus vector is 
indicative of the passage of the virus from the 
midgut into the salivary glands via the hemocele, 
and the multiplication of the virus in that vector. 


National Research Council, Canada: Awards for 


1956-57 


Tue National Research Council, Canada, has made 
269 awards for 1956—57, totalling 345,500 dollars in 
value. They include 65 bursaries (800 dollars each) 
and 155 studentships (1,200 dollars each), tenable in 
Canada. Of the awards for study abroad, twenty- 
seven special scholarships, worth 2,000 dollars each, 
have been granted which will be held in the following 
countries: fifteen in Great Britain, nine in the 
United States, two in Sweden and one in France. 
Twenty-two postdoctorate overseas fellowships, worth 
2,500 dollars each, have been granted for work in 
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the following countries: fourteen in Great Britain, 
three each in France and Switzerland, and one each 
in Germany and the Netherlands. 
Second International Congress on Acoustics, 
Cambridge, Massachusetts 


THE Second International Congress on Acoustics 
will be held during June 17—23 in Cambridge, Massa- 
chusetts—at Harvard University and the Massa- 
chusetts Institute of Technology. At the same time 
the Acoustical Society of America will hold its fifty- 
first meeting. The Congress is sponsored by the 
International Commission on Acoustics, which is part 
of the International Union of Pure and Applied 
Physics. The main programme of the Congress will 
be based on three themes: bioacoustics and noise 
control—human responses to sound (including hear- 
ing, psychological response and biological effects) and 
methods of noise control based on these responses ; 
architectural and musical acoustics—the production 
of music and speech sounds and the design of 
enclosures for good conditions of hearing; and 
physical acoustics and sonics—acoustical studies of 
matter, propagation of sound, and application of 
acoustical techniques to technical problems. There 
will be special demonstrations of speech analysis and 
synthesis, and a number of exhibits by scientific, 
technical and manufacturing organizations. Further 
information can be obtained from the secretary of 
the Congress, John A. Kessler, Acoustics Laboratory, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 


The Night Sky in June 


NEw moon occurs on June 8d. 21h. 29m., v.T., and 
full moon on June 23d. 06h. 13m. The following 
conjunctions with the Moon take place: June ld. 
00h., Mars 8° S.; June 7d. 18h., Mercury 5° S. ; 
June 10d. 05h., Venus 3° N. ; June 13d. 15h., Jupiter 
7° N.; June 20d. llh., Saturn 3° N.; June 29d. 
14h., Mars 10° S. In addition to these conjunctions 
with the Moon, Mercury is in conjunction with 
Aldebaran on June 23d. 08h., Mercury 2-5° N. 
Mercury is too close to the Sun during the greater 
part of the month for observation, but at the end of 
the month it rises at 2h. 45m.—an hour before sun- 
rise—and may be seen for a short period, its bright- 
ness being greater than that of a first-magnitude 
star. Venus sets at 23h. 30m. at the beginning of 
June, but draws closer to the Sun and on June 30 
sets only half an hour after sunset; its stellar 
magnitude varies from -—4-1 to —3-4, and the 
visible portion of its illuminated disk decreases from 
0-140 until it is in inferior conjunction with the Sun 
on June 22d. 06h. Mars rises at Oh. 45m., Oh. 10m. 
and 23h. 25m. on June 1, 15 and 30, respectively, 
and has an eastward movement in Aquarius; it 
increases in brightness during the month owing to a 
small increase in the visible portion of its illuminated 
disk and also to its distance from the Earth decreasing 
from 76 to 58 million miles. Jupiter, visible soon 
after sunset, sets at Oh. 25m., 23h. 30m. and 22h. 
40m. on June 1, 15 and 30, respectively ; its stellar 
magnitude varies between —1-5 and —1-4 owing to 
its distance from the Earth increasing from 520 to 
557 million miles. Towards the end of the month it 
is close to Regulus. Saturn, in Libra, sets in the 
early morning hours—at 3h. 30m. on June 1, one 
hour earlier on June 15 and two hours earlier on 
June 30; its stellar magnitude varies from 0-3 to 
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0-5 owing to its distance from the Earth increa sing 
by 20 million miles. No occultation of stars brighter 
than magnitude 6 occur in June. Summer solsiice 


occurs on June 21d. 10h. 24m., and the total time of 


sunshine in the latitude of Greenwich is then approx. 
imately 16h. 40m. A total eclipse of the Sun occurs 
on June 8 and is visible as a total eclipse only in the 
South Pacific Ocean, maximum duration 4m. 44s, : 
it will be seen in New Zealand at sunrise as a par‘ ial 
eclipse. 


Announcements 

Dr. Luoyp P. Smrru, at present chairman of the 
Department of Physics of Cornell University, has 
been appointed president of the Research and 
Advanced Development Division and vice-president 
of the Aveo Manufacturing Corporation, of New 
York. The Corporation manufactures a wide range 
of electrical and electronic goods, including defence 
equipment for the United States Government. 


THe Ford Foundation has given two grants of 
4,250 dollars (£1,517) each to the University of Cam- 
bridge to assist the work of Prof. M. Fortes, William 
Wyse professor of social anthropology, and of 
Mr. E. R. Leach, lecturer in the Department of 
Archeology. 


Tue following three new members have been 
appointed to the Board of Regents of the Smith- 
sonian Institution, Washington, D.C.: Dr. E. L. 
DeGolyer, a petroleum geologist and senior member 
of the firm of DeGolyer and McNaughton, Dallas, 
Texas; Dr. C. H. Greenewalt, a chemical engineer 
and president of E. I. du Pont de Nemours and Co. ; 
Dr. C. P. Haskins, a research biologist and president 
of the Carnegie Institution of Washington. The 
Board of Regents of the Smithsonian Institution is 
by law composed of the Vice-President of the 
United States, the Chief Justice of the United States, 
three members of the Senate, three members of the 
House of Representatives, and six citizen members. 


THE second display of instruments, organized by 
the Scientific Instrument Manufacturers’ Association 
at the Instrument Centre, 20 Queen Anne Street, 
London, W.1, was opened on May 22 and will con- 
tinue for three months. 


THe Hydrocarbon Research Group of the Institute 
of Petroleum is arranging a symposium on ‘“‘Vapour 
Phase Chromatography” during May 30—June 1, to 
be held at the Institution of Electrical Engineers, 
Savoy Place, London. During the meetings there 
will be an exhibition of apparatus. Further informa- 
tion can be obtained from the organizing secretary 
and treasurer, Mr. H. C. Rampton, c/o The British 
Petroleum Co., Ltd., Chertsey Road, Sunbury-on- 
Thames, Middlesex. 


An exhibition of fishery equipment, including 
echo-sounders, has been arranged in connexion with 
the fourth meeting of the General Fisheries Council 
for the Mediterranean, to be held in Istanbul during 
September 17-22 (see Nature, May. 5, p. 831). 
Exhibition space will be available, free of charge, 
and special arrangements have been made for the 
temporary import, duty free, of equipment for 
display. Firms wishing to exhibit equipment should 
write, before July 15, to Mr. Cihat Renda, Meat and 
Fish Office (Et ve Balik Kurumu Umum Midiirliigii), 
Selanik Cad. 78, Ankara, from whom further informa- 
tion can be obtained. 
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NORTHAMPTON POLYTECHNIC, LONDON 


OPENING OF 


T is exactly sixty years ago since the Northampton 
Polytechnic, in St. John Street, London, E.C.1, 
was first opened to students, and therefore it was 
fitting that in celebration of its diamond jubilee the 
Minister of Education, Sir David Eccles, should have 
been invited to declare open the new extensions. 
Since 1896 there has been a number of improvements 
both by way of alterations and additions to the 
original building (established on a site given by the 
fourth Marquis of Northampton—hence the name of 
the Polytechnic), and also by additional buildings, 
for example, the Connaught Building in 1932 and its 
annexe in 1939. 

The present extensions form the first phases of a 
comprehensive scheme of expansion of the Poly- 
technic and have been concerned with the provision 
of new laboratories and workshops for a wide variety 
of subjects, including: aeronautics; hydraulics ; 
production engineering; instrument manufacture ; 
instrumentation and process control ; heat engines ; 
advanced applied physics ; high-voltage testing. 

Provision has also been made for a new and 
magnificent library known as ““The Skinners’ Library”’. 
The Worshipful Company of Skinners was a joint 
founder of the College, and its continuing interest has 
been maintained not only by its financial grants, but 
also through its representation on the governing 
body, the chairman of which has invariably been a 
‘Skinner’. The furniture and fittings in the Library 
have been provided out of a gift from the Company 
of £5,000. 

Other amenities in the extensions include the 
Great Hall, which has a seating capacity of 700, and 
refectories for staff and students which will accom- 
modate more than 400 at a sitting. The total cost 
of rebuilding and re-equipment is of the order of 
£400,000. 

The reopening ceremony was held in the Great 
Hall at 3 p.m. on May 7., The speakers in order were 
Mr. Hamilton Fulton, chairman of the Governing 
Body, Sir David Eccles, Minister of Education, Mrs. 
Helen Bentwich, chairman of the London County 
Council, and Mr. Beresford Ingram, vice-chairman of 
the Governing Body. 

After welcoming the Minister and the guests, Mr. 
Fulton spoke on the work of the Polytechnic and its 
place in the educational system of Britain. He 
emphasized particularly the value of its status as an 
aided institution ; while acknowledging that the bulk 
of the financial support of the College was due to 
the liberality of the London County Council, the 
Governors did enjoy limited funds of their own, and 
this ensured for them that liberty and autonomy 
essential for efficiency and enterprise. 

Mr. Fulton spoke of present students as “the life 
blood of our competitive capacity against production 
in other countries and the ability of our technicians 
and our technological institutions to cope with com- 
petition, provided they have the necessary support 
of organized labour’’. 

Although the Governing Body could not have 
known it, the timing of the opening ceremony was 
but a few days too soon, as the Minister in his speech 
revealed by his guarded response to the chairman’s 
demand for some information regarding the future 


EXTENSIONS 


status of the College under the Ministry of Education 
plans for higher technology. The Minister stated 
that while he could not say anything in anticipation 
of the forthcoming debate on the White Paper in 
the House on May 14, it was obvious that the White 
Paper had been misunderstood in regard to the 
number of colleges to be designated colleges of 
higher technology. A very much smaller number 
would be so designated to form, as it were, foundation 
members of this top level of the four-tier structure 
to be established. While the Minister could not say 
in which level the Northampton Polytechnic would 
be placed, he added: “It seems to me to be the 
Senior Engineering Institution in London and there- 
fore a place to which we will have to pay great 
attention. . . . Here you have a remarkable College 
which I know has a great reputation, but it is the 
sort of college which must do something for tech- 
nical education as a whole as well as for its own 
students. You are the kind of people who can raise 
the flag and it is flags that people follow’. ; 

The guests, who comprised local dignitaries, 
representatives of City Companies, donors of gifts, 
principals of colleges, headmasters, representatives 
of professional bodies and industry, old students, 
past members of staff, and the present members of 
the Polytechnic—governors, staff and students— 
were afterwards shown the various laboratories and 
workshops, where exhibitions and demonstrations 
were staged. Of particular interest was a colour film 
taken by the staff of the Ophthalmic Optics Depart- 
ment showing the fitting and use of contact lenses. 
Other exhibits included demonstrations in applied 
physics, applied chemistry, electrical engineering, 
heat engines, hydraulics, aeronautics, watch making 
and repairing, instrument making, materials testing, 
automobile engines and vehicle maintenance, etc. 

The purpose of the present extensions has not 
been so much to increase the number of students it 
is possible to accommodate as to improve the 
facilities for the existing enrolment. Thus, lab- 
oratories which hitherto have had to perform a 
double function, for example, heat engines and 
hydraulics, have been replaced by separate labor- 
atories with much more adequate space for each 
different function. In turn, this has made it possible 
to increase the amount of equipment in these 
laboratories. Something of the order of £65,000 
worth of new equipment has been added in the past 
three years and a further £85,000 worth is expected 
over the ensuing three years. 

The more important pieces of large equipment 
include: a Ferranti Pegasus computer for the 
Mathematics Department ; a full-size anechoic room 
for the Acoustics Laboratory ; a supersonic wind 
tunnel for the Aeronautics Laboratory ; a variable- 
slope water channel for the Hydraulics Laboratory ; 
an electrode boiler and a Rover gas turbine for the 
Heat Engines Laboratory; high-voltage testing 
equipment for the Electrical Department. 

As an exception to the foregoing, the National 
College of Horology and Instrument Technology, 
which is housed within the Polytechnic, has gained 
three rooms for additional workshops and laboratories 
in order that more students may be accommodated. 
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TECHNICAL EDUCATION IN GREAT BRITAIN 


N April 29 the National Union of Students held 

a conference in London at the Polytechnic, 
Regent Street, to discuss the recent Government 
report on technical education. The conference was 
attended by representatives from industry, local 
education authorities, the student associations in 
technical colleges, and the staffs of technical colleges. 
There were short opening addresses in each of the 
three sessions ; but the major part of the time was 
devoted to discussion, which was lively and stimulating 
throughout. The morning. session was opened by 
Mr. A. A. Part, Under-Secretary at the Ministry of 
Education, who spoke on “Action on the White 
Paper’. He said that though the report in the White 
Paper made rather few specific proposals, it did 
envisage a wide extension of all advanced work in 
both full-time and part-time day courses at technical 
colleges, that is, all work above the standard of the 
Ordinary National Certificate or the Advanc.d Level 
of the General Certificate of Education; it also 
implied that, although a limited number of colleges 
selected from those with 75 per cent grant would be 
made into colleges of advanced technology, the total 
number of technologists studying at an advanced 
standard must be increased beyond the capacity of 
the establishments designated as colleges of advanced 
technology, and thus there would still require to be 
a number of colleges receiving 75 per cent grant 
which would mainly do advanced work. 

One of the chief developments would be in the 
greater use of ‘sandwich’ courses. It is hoped that 
larger firms might pay the apprentices, whom they 
send on such courses, and that students from smaller 
firms might be helped by extra State scholarships 
and major county awards, all of which would in 
future be tenable at technical colleges doing advanced 
work. (It was not made clear whether this would 
apply only to colleges of advanced technology or to 
all colleges with 75 per cent grant.) Mr. Part said 
that, to find the extra personnel for the advanced 
courses, we must tap the large reservoir of talent 
among those who have left school before eighteen 
and that we must provide ways for these students 
to equip themselves for proceeding either to sandwich 
courses or Higher National Certificate courses, both 
by persuading parents to keep their children at school 
until they are eighteen and by encouraging a far 
greater liaison between schools, industry and technical 
colleges. The intention is to approve a large building 
programme: £15 million will be approved now, and 
in June a further £15 million for the session 1958-59. 
Local education authorities are responding well in 
sending in building schemes. 

Mr. Part also emphasized the need for increasing 
the number of trained technicians, and in the dis- 
cussion this point was emphasized by a speaker, who 
said that it was a mistake to ‘hive’ off the training 
of technicians from the major technical colleges. 
Another speaker said that technical secondary schools 
must be taken out of major technical colleges because 
this leads to the local residents thinking of the tech- 
nical college as a boy’s school and also prevents the 
atmosphere in the college from being that of an 
establishment for adult students. Mr. Part, in reply, 
promised that the schools would be moved out in 
the near future. 


In the afternoon the conference was addressed by 
Sir Harold Roxbee-Cox, vice-president of the National 
Council for Technological Awards (the Hives Coun: jl), 
He said that the report of the Council, which js 
to be published very shortly, will suggest provision 
of an award of second-class honours degree standard 
to students who are successful in an advanced 
course approved by the Council, but that this 
approval implies that a course will be recognize} 
only in a college which has a high general standard 
both in the quality of its staff, facilities for research 
and in social amenities for its students. 

The U.S.S.R. is training three times as many 
technologists per thousand of population as Britain, 
and it is only because the British I.Q. (by which 
Sir Harold meant “inventiveness quotient’’) is, he 
believed, higher than that of most other countries. 
that our shortage of numbers is not more serious. 
He has made inquiries from industrial firms employ- 
ing more than 50 per cent of the trained technologists 
in Britain, and from their replies he estimates that 
these firms would like to increase their numbers of 
technologists by one-third now ; he believes that, in 
view of developments in the U.S.S.R. and the United 
States, there will ultimately be a much larger demand 
in Britain. For this reason, the expansion envisaged 
in the White Paper is not enough, and Sir Harold 
hopes the Government will accelerate and expand the 
facilities offered. He thought that in time those now 
taking external degrees at the technical colleges would 
be drawn into taking a course for a ‘Hives’ award, 
but the national need is to train more technologists 
in addition to those now taking external degrees in 
any technology. 

Mr. Roland Oliver, student secretary of the Nationa! 
Union of Students, spoke on ‘Counter Balancing 
over Specialization’. He stressed the necessity for 
retaining a balance between science and the arts in 
a school course and the advisability of allowing the 
student at a technical college more time during his 
course for private reading and meeting other students. 
Many speakers afterwards pressed that schools should 
not only give those taking science subjects at ad- 
vanced level some training in the humanities, but 
should also give those taking arts subjects some 
training in science. These speakers felt that the 
proportion of headmasters and headmistresses with 
an arts training is far too large, and that this tends 
to make boys and girls follow an arts course rather 
than a science or modern course, and also to make 
for a lack of appreciation of the value of a scientific 
education and of the importance of the work of the 
major technical colleges. 

The teaching at technical colleges came under 
heavy fire from some student representatives, who 
maintained that there was not enough lecturing, 
that the students were treated like schoolboys, and 
that the hours of class attendance were much too 
large and permitted of little private study. Some 
university student representatives said that the 
hours were just as long in many science and engin- 
earing faculties in the universities and that this was 
inevitable in view of the laboratory work required. 
One felt that the truth probably lay between these 
two groups of speakers and that there was room 
for some shortening of hours and some modification 
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of teaching methods, though not quite as much as 
some speakers proposed. 

Students also maintained that the best way of 
liberalizing the education of a technical student is 
to combine the shortening of hours of class attendance 
with a great increase in ‘union facilities’. It was 
pointed out how small are the union club rooms in 
most colleges compared with those in a university, 
giving as an example for comparison the new building 
of the University of London, and many speakers 
urged that the Ministry should insist that, in any 
approved scheme for the enlargement of a technical 
college, provision should be made for adequate rooms 
for student activities. One could not help being 
impressed by this demand, which would have the 
strong support of college authorities. 

Dr. J. Topping, principal of Acton Technical 
College, who took the chair throughout the con- 
ference, said in his opening remarks that more had 
been written on technical education since the Second 
World War than on any other subject, and he hoped 
that we are now moving into an era of action. The 
present writer came away feeling that there was every 
hope that his optimism was justified. As Dr. Venables 
puts it in his recent book on technical education : 
“We shall make progress, so long as those, who 
believe that the next stage in technical education is 
an evolutionary process, realize that we have not all 
of geological time available in this rapidly changing 
world”’, 

Mr. F. Copplestone, president of the National 
Union of Students, who thanked all the delegates for 
coming to the conference, said that it had been a 
success because of the contributions the delegates 
had made. This is true, but it is also true that this 
success could not have been achieved without the 
initiative of the National Union of Students, which 
is to be congratulated on providing this opportunity 
for all the partners in technical education to meet. 

H. V. Lowry 
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INSTITUTE FOR SCIENTIFIC 
RESEARCH IN CENTRAL AFRICA, 
BELGIAN CONGO 


REPORT FOR 1953 


HE sixth annual report of the Institute for 

Scientific Research in Central Africa*, covering 
the year 1953, includes besides the report of the 
director, M. L. van den Berghe, brief reports from 
the presidents of the various scientific commissions 
and sections, lists of the sections, committees and 
commissions, with their membership, and a list of 
papers published during the year by members of the 
staff of the Institute and associated investigators ; 
this last-mentioned list is supplemented by brief 
summaries of the papers. M. van den Berghe emphas- 
izes the contributions which the work of the Institute 
has already made in the region of Belgian Central 
Africa in the field of physical and social anthropology, 
population statistics, the physics of high solar 
altitudes, biochemistry of foodstuffs and the experi- 
mental zoology of invertebrates, and refers particu- 


_* Institut pour la Recherche Scientifique en Afrique Centrale. 
Sixiéme papport Annuel, 1953. Pp. 229+4 plates. (Brussels: Institut 
pour la Recherche Scientifique en Afrique Centrale, 1956.) 
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larly to the participation of the Institute during 1953 
in a number of scientific conferences in Africa. The 
second Anglo-Belgian seminar in the human sciences 
was held at Kampala during February 23-28, 1953, 
and a third conference was due to be held in 1955 at 
Astrida and Lwiro. The first Anglo-Belgian seminar 
on nutrition was also held at Kampala, during 
February 18-20, 1953, and was concerned particularly 
with the comparison and discussion of results obtained 
in the field of nutrition in Uganda and the Belgian 
Congo and with visits to laboratories and institutions 
in Uganda and the exchange of techniques. A second 
seminar was projected at Lwiro in 1955. 

A meeting of experts nominated by the Scientific 
Council for Africa South of the Sahara for the co- 
ordination of social research in Africa south of the 
Sahara met at Kampala during February 28—March 2, 
1953. The conference recommended the publication 
of a series of brief accounts of the existing organization 
for social research and the appointment of an inter- 
African scientific correspondent to visit the different 
institutions and survey the work in progress in this 
field. Two further conferences in 1955 covering 
demography and economics, psychology, linguistics, 
ethnography and sociology were also recommended. 
An international conference for the. protection of 
the fauna and flora of Africa was held at Bakavu in 
October 1953, and also an Anglo-Belgian Govern- 
ment conference at Kigali on the tsetse fly, at which 
it was agreed that the Institute should immediately 
commence a detailed study in the region of Kakitumba, 
including research on both Glossina and trypanosomes 
and the determination of the fly-belt. 

Construction of the central library of the Institute 
at Lwiro was begun in January 1953, and a new 
station at Ituri, two hours from Lwiro, designed for 
the general study of tropical forest at a medium 
altitude, was planned for construction in 1954. The 
work of the Institute during the year included studies 
of the entomology of Ruanda-Urundi and ethno- 
logical studies among the Balega, which were designed 
to provide a course of lectures for the Colonial School 
at Brussels on aspects of parentage, family life and 
political structure and associations among the 
Balega. Measurements of solar energy in the visible 
spectrum were continued, and the equipment at 
Lwiro was further extended. The systematic and 
ecological study of the molluscs of Tanganyika con- 
tinued, and the fauna of the north-east border of 
Lake Tanganyika was also studied, while investi- 
gations were commenced on the birds of Lake Kivu, 
and particularly of the seasons of reproduction of birds 
living nearly on the equator. The electrophoretic 
method is being used for studying the protein- 
emia among indigenous races in Ruanda-Urundi and 
also the evolution of serum proteins in infants up to 
two years of age. Special attention was given to the 
study of kwashiorkor at Kivu, and a study was 
commenced of the factors influencing the productivity 
of the African worker in the Belgian Congo and 
especially in agriculture. Linguistic studies included 
a systematic one at Tshumbe, in the region of 
Mondja, of the language known as Otatela. To 
facilitate the collection and collation of neuro- 
pathological material, autopsy services for neuro- 
logical cases have been organized. Numerous 
observations have been made on nutritional dis- 
orders, tuberculosis and sickle-cell anemia; and 
researches were continued on G. morsitans and the 
biotopes of Culex sylvestres and particularly Aedes 
simpsoni, the transmitter of ‘jungle yellow fever’ in 
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Uganda. Observations on Caecobarbus geertst Blgr. 
in the grottoes of the Lower Congo were completed, 
and studies were commenced into the emigration 
of the Banyarwanda and Barundi in East Africa, and 
the institutions of Bukahé and Bugabire. A study of 
the geographical distribution of the fish of the basin 
of the Ruzizi was completed in the first five months 
of 1953, and investigations of the stratigraphy of the 
groups of Urundi and of Ruzizi led to some definite 
conclusions. Other investigations were concerned 
with the African Histoplasma duboisii Vanbreu- 
seghem, 1952, with the science of malnutrition and 
kwashiorkor and with the paludism of mammals 
and their invertebrate hosts. 


THE SMITHSONIAN INSTITUTION 
REPORT FOR 1954-55 


HE report of the Secretary of the Smithsonian 
Institution for the year ended June 30, 1955*, 
which is accompanied by the financial report of the 
Executive Committee of the Board of Regents and by 
reports from the branches of the Institution as well 
as by those ixi the Library and on publications, wel- 
comes the enactment of legislation providing for the 
planning and erection of a new museum building for 
the Institution. Congress has already appropriated 
2,288,000 dollars for the immediate planning of this 
Museum of History and Technology, for which 36 mil- 
lion dollars are authorized, and the new Museum will 
house all the national collections that record and 
illustrate the political, cultural, industrial, scientific 
and military development of the United States. As 
planned, it will be both a museum of United States 
history and a museum of science, engineering and 
industry, and a series of modern halls illustrating the 
principal periods of that history from Colonial days 
to the present is planned, with other halls showing the 
development of particular devices or subjects, such as 
automobiles, mining, medicine, manufactures, engin- 
eering and science. It is hoped that construction will 
begin in 1957. Preliminary architectural studies 
were made during the past year for the projected new 
National Air Museum, and further progress was made 

in renovating major exhibits at the Institution. 
Visitors to the Smithsonian Buildings totalled 
3,895,017—nearly 250,000 more than in the previous 
year—and, with the estimated 3,476,584 visitors at 
the National Zoological Park and 814,932 at the 
National Gallery of Art, brought the total number of 
visitors to the Smithsonian Institution to 8,186,533. 
The Institution continues to administer the Bio- 
Sciences Information Exchange, which is charged 
with preventing the unknowing duplication of 
research support by the Armed Forces and other 
Government agencies ; and the Exchange, which has 
developed techniques to maintain a rapid interchange 
of concise information on the support of research in 
the bio-sciences, reports that it has been able to 
supply adequate information in response to all 
requests. Among the 7,600,000 specimens received by 
the National Museum during the year were collections 
of mammals from Korea, Pakistan and Panama ; 
birds from Panama ; large collections of fishes from 
* Smithsonian Institution. Report of the Secretary and Financial 
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(Washington, D.C.: Government Printing Office, 1956.) 


May 26, 1956 VOL. 177 


the Gilbert Islands, Liberia and the south-easi yy 
United States; the W. N. Mann collection of anis : 
3,200 polychexte worms, mostly from New England : 
four hundred corals from the Great Barrier Re.f: 
plant collections from Mexico, Central and South 
America ; thirty-five specimens of meteorites, two 
thousand Silurian and Devonian fossils from Canada ; 
some three and a half million mounted foraminiferan 
specimens ; an early Curtis steam turbine ; the Dod- 
rill-G.M.R. mechanical heart and important electro- 
cardiograph equipment. Field work included an 


investigation of the plant mites and other types of 


small animal life in the Belgian Congo ; an ornitholo- 
gical survey of Panama ; and the collection of larv» 
of small moths of the genera Depressaria and Ago, o- 
pteriz in Wyoming and adjoining States. 

The Bureau of American Ethnology made progress 
with its archeological work on Southampton Island 
in Hudson Bay, and Dr. H. B. Collins continued to 
supervise the ‘Arctic Bibliography” which the 


Arctic Institute is preparing for the Department of 


Defence, Vol. 4 being issued in August 1954. Besides 
preparing his report on previous field researches, 
entitled “Modern Inter-tribal Organizations on the 
North-West Coast”, Dr. P. Drucker initiated a 
programme of archzological research at the important 
Olmec site of La Venta, Tabasco, Mexico. Dr. F. H. H. 
Roberts continued to direct the River Basin Surveys, 
the field investigations under which consisted mainly 
of excavations; no paleontological studies were 
carried out. By June 30, 1955, archeological surveys 
or excavations had been made in 243 areas in twenty- 
seven States since field work was started in 1946 ; 
and, of the 4,345 sites located and recorded, 852 were 
recommended for excavation or limited testing. At 
the end of the fiscal year, 324 sites in forty-four 
reservoir basins in seventeen different States had 
been dug extensively or in part, and further details 
of the work of the three field parties operating in the 
Missouri Basin are given in the report as well as of 
field work in the Garrison Reservoir area. 

The Astrophysical Observatory, in co-operation 
with the United States Weather Bureau, continued 
the calibration of Eppley pyrheliometers, and the 
simplification and automatic recording of silver-disk 
pytheliometry. Solar radiation studies at the high- 
altitude station at Montezuma in Northern Chile 
were hindered by sky pollution due to smelting opera- 
tions at copper mines, and at Table Mountain in 
Southern California a gradual increase in the amount 
of smog from the Los Angeles area has been noted for 
some years. The work of the Division of Radiation 
and Organisms on the photo-control of the formative 
and development processes in seedlings of the bean 
plant indicated that the far-red energy interferes with 
development by acting on a product of the photo- 
chemical reaction initiated by the red energy. In 
studies with the root-tip cells of broad bean (Vicia 
faba), it has been found that, if exposure to X-rays is 
preceded by exposure to red visible light, the incid- 
ence of chromosome damage brought about by X-rays 
is reduced by 30—50 per cent, but if exposure to X-rays 
is preceded by exposure to radiant energy from the 
far-red or near infra-red, the damage is increased by 
30-40 per cent. Using differential centrifugation 
methods to fractionate avocado fruit tissue it has also 
been found that the fraction remaining after sedi- 
menting cell walls, nuclear material, mitochondria, 
plastids and other particles within this size range, 
contains an enzyme system which, on the addition of 
auxin, markedly reduces the consumption of oxygen. 
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The National Air Museum participated in celebra- 
tions of the fortieth anniversary of the founding of 
the National Advisory Committee for Aeronautics, 
and nearly twenty-two thousand photographs pertain- 
ing to aeronautics were added to the Museum’s 
library of reference materials. Besides improvements 
in exhibits, the information services have been 
extended and are now meeting requests which have 
multiplied nearly two and a half times in three years. 
Accessions to the National Zoological Park totalled 
2,347 individual animals, and 1,917 were removed by 
death, exchange or return to depositees. Of six 
hundred visitors to Barro Colorado Island during the 
year, forty-three were scientific workers who used the 
facilities of the station for research, particularly in 
biology and photography 

During the year the International Exchange Ser- 
vice handled 1,146,972 packages of government 
scientific and literary publications, consignments 
being made to all countries except China, North 
Korea, Outer Mongolia, the Communist-controlled 
areas of Viet Nam and Loas and the Haipang 
Enclave. The Smithsonian Library received 71,179 
publications and arranged about 650 new exchanges ; 
its holdings now total 951,409 volumes, including 
585,592 in the Smithsonian Deposit in the Library of 
Congress. Publications issued by the Institution 
during the year totalled seventy-one, including 
seventeen papers in the Miscellaneous Collections, 
eight Proceedings Papers of the United States 
National Museum, four Bulletins of the Bureau of 
American Ethnology, and Vol. 7 of the Annals of the 
Astrophysical Observatory ; 192,108 copies of the 
publications and 226,178 miscellaneous items were 
distributed. 


MALADJUSTED CHILDREN 


COMMITTEE was set up in 1950 by the Minister 

of Education to inquire into the medical, educa- 
tional and social problems relating to maladjusted 
children, with reference to their treatment within the 
educational system. The Committee has recently 
issued its report* and, despite much thought and 
labour, not unexpectedly offers no novel insight into 
the nature of maladjustment, or new and revolu- 
tionary ideas about the way it should be treated. 
Fifteen years ago the term ‘maladjustment’ was not 
in common use, and too little is still known about 
maladjustment in children and the ways it can be 
successfully treated to generalize or offer ready-made 
solutions. Instead, the Committee adopted the wiser, 
if more pedestrian, approach of considering, against 
the background of normal development, what is 
meant by a maladjusted child and what arrange- 
ments are at present available for treating and 
preventing maladjustment. These arrangements 
have been considered in relation to the education 
service, which itself occupies a central position 
inasmuch as it has continuous contact with most 
children for ten vital years of their lives. 

One of the main difficulties which the Committee 
had to face was the definition of maladjustment. 
No one—except, possibly, the completely mal- 
adjusted—is completely adjusted to his environment ; 
continual adjustment and re-adjustment are necessary 
throughout life. Maladjusted people are not neces- 
sarily unruly nor need they come into contact with 


* Ministry of Education. Report of the Committee on Maladjusted 
Children, Pp. vi+180. (London: H.M.S.O., 1955.) 68. net. 
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the law; educationally backward and mentally 
retarded children do not provide all the maladjusted ; 
intelligent people are also affected. What is known 
of the maladjusted is that they are insecure and 
unhappy, tend to get on badly in their personal 
relationships and may have failed to come to terms 
with their work. 

The worst effects of maladjustment are seen in 
mental hospitals, divorce courts and prisons. At the 
end of 1954, for exarnple, two-fifths of the 480,000 
hospital beds available in England and Wales were 
occupied by mentally ill or mentally deficient 
patients. Surveys of factory workers have shown 
that 10 per cent had suffered from definite and dis- 
abling neurotic illness and a further 20 per cent from 
neurotic illness. It has been estimated that neurotic 
illnesses cause between a quarter and a third of all 
absences from work due to illness of any kind. 

Although the worst effects of maladjustment are 
seen among adults, it is during childhood that most 
can be done to prevent maladjustment or to treat it. 
If one child can be helped, it will not only benefit 
his family and the community but may also have 
repercussions on future generations ; maladjustment 
begets maladjustment. 

The attention of the Committee has rightly been 
focused on those agencies which affect children. The 
part which the education service, particularly the 
school, has to play in the prevention, discovery and 
treatment of maladjustment is of great importance. 
The education service does not work in isolation, 
however, but co-operates with many other agencies. 
Collaboration is particularly close between the school 
health service and the hospital service, which pro- 
vides a number of child guidance clinics and makes 
available the services of psychiatrists for many 
clinics run by local education authorities. Co- 
operation between these two services and the 
maternity and child welfare service is also necessary 
if the problems of children under five are to be 
adequately tackled. It is often in these early years 
that the seeds of future trouble are sown or the first 
symptoms appear, even though they may not be 
noticed until a child goes to school. The Committee 
has considered these and other agencies and made 
suggestions which will enable the psychological, 
educational and medical treatment of maladjusted 
children to develop on lines which seem the most 
rewarding. 

One of the main suggestions is concerned with the 
work of the child guidance service. Much of the work 
at present done by local education authorities is too 
compartmentalized. The school psychological service, 
the school health service and the child guidance 
clinic should work more closely together. The educa- 
tional psychologist, for example, should, wherever 
possible, try to help, within the setting of the school, 
those children who have learning or behaviour 
difficulties. Instead, as so often happens, of being 
concerned only with selection tests for the 11+- 
examination, he should spend part of his time in the 
child guidance clinic. Nor should the facilities of a 
child guidance service be withdrawn from a boy 
when he leaves school. The Committee rightly 
recommends that the service should be available for 
boys and girls in or out of school until they have 
reached the age of eighteen, when they are officially 
recognized as mature. A valuable suggestion is 
that parents should have direct access to all child 
guidance clinics without their children having first 
been seen and recommended by some intermediary ; 


974 


this, fortunately, is already the case with the 
majority of clinics. 

The Committee’s recommendation for the educa- 
tional provision of maladjusted children should be 
received with enthusiasm. It will not only save 
considerable money but will also be of greater service 
to maladjusted children than existing facilities. At 
present there are day special schools or classes 
specifically of maladjusted children in the areas of 
only three local education authorities. Over the 
country as a whole, little day provision has been 
made. Recent psychological findings indicate that 
there are obvious advantages in leaving a child in 
his own home during treatment. Since the restoration 
of harmony and understanding between parents and 
children must be one of the main p of treat- 
ment, it is most satisfactory to treat a child, if 
possible, while he remains in the natural environ- 
ment of his own home. Treatment of him and of his 
parents can then go hand in hand; and there is no 
danger of a conflict being set up in his mind between 
the different standards of two environments. The 
co-operation of parents may be much easier to secure 
if their child can stay at home than if he is sent to 
a boarding establishment. 

For maladjusted children local education authorities 
should make more use of day ‘special’ schools and 
part-time ‘special’ classes. No child should be sent 
to a boarding establishment if his education can be 
satisfactorily continued from home. The teachers 
should be allowed sufficient time for keeping in touch 
with the parents, the child guidance service and the 
ordinary schools from which the children come. All 
teachers of backward children will support the 
recommendation that staffing should be based on the 
principle that ordinarily a teacher cannot satis- 
factorily meet the needs of more than ten mal- 
adjusted children, and that for some purposes a 
group may need to be considerably smaller. No day 
or residential school should contain less than about 
twenty children nor more than about fifty. Strong 
support will be given to the recommendation that 
the Ministry of Education and local education 
authorities should constantly review the need for 
studying more maladjusted pupils over the age of 
eleven, “in particular boys with I.Q.’s below 85-90%, 
and children suited to a grammar or a technical school 
course’. Local education authorities should also 
consult with one another and other bodies to develop 
facilities for maladjusted children on a regional basis. 

In the case of children whose activities lead to 
their appearance in juvenile courts, considerable care 
should be taken to see that the children are indeed 
maladjusted before being treated as such. A recent 
suggestion of the Magistrates’ Association to the 
effect that meetings should be encouraged between 
magistrates, staffs of child guidance clinics and others 
connected with psychiatric work would be a valuable 
means of ensuring that court sentences would have 
greater prophylactic value. In general, too, support 
should be forthcoming for the Committee’s recom- 
mendation that every child appearing before a 
juvenile court who is so handicapped as to need 
special educational treatment in a boarding school 
should be provided with residential treatment by the 
local education authority rather than be sent by the 
court to an approved school. 

After outlining the size of the problem and practical 
measures needed to combat it, the Committee turns 
to the all-important but difficult task of develop- 
ing @ positive approach to mental health in the 
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community as a whole. A number of its rec. 
mendations should be carried out forthwith. Th» 
should be, for example, close co-operation betw 
child guidance clinics and child welfare centres. ° 
function of health visitors should be modified, : 
they should be trained to advise parents on behavi: 
nervous and other difficulties in children, as we! 

on matters of physical health. More clubs and 
cussion groups for parents should be established }y 
schools, including nursery schools. Above all, «he 
fundamental importance of the family as a w) ole 
should be borne in mind by those responsible for 
strengthening and developing the social services, nd * 
action designed to keep the family together should 
be regarded as one of the most important aspects of 
prevention. 

The most valuable feature of this report is the way 
the Committee has made its way through the tangled 
mass of legislation and opinion which surrounds the 
problem of maladjusted children and has made 
recommendations which are practicable and attain- 
able. Many of the recommendations will be very 
costly to carry out; but many of them will cost a 
lot more if they are not carried out. What is first 
needed is the building up of attitudes of mind 
required for the prevention and treatment of mal- 
adjustment. The five years taken to prepare this 
report will have been well spent if the thinking part 
of the community becomes familiar with its main 


arguments. 


PSYCHOSOMATIC RESEARCH AND 
BEHAVIOURAL SCIENCE 


T is not often that one has the opportunity of 
reviewing two new journals and finding them of 
excellent quality within their respective fields. Both 
are quarterlies. The first, the Journal of Psychosomatic 
Research*, is to be devoted mainly to clinical studies 
if the present contents are an indication. These vary 
from such work as “Emotions and the Peripheral 
Vasomotor System’”’ to “The Sedation Threshold as 
an Objective Index of Manifest Anxiety in Psycho- 
neurosis”. There are other papers on asthma and 
peptic ulcers. Such research should direct the atten- 
tion of the obstinately organically minded to the 
importance of mental states, and the psychologically 
orientated to the fact that the mind does not work 
in vacuo. 

The scope of the other journal, Behavioral Science‘. 
is stated in the introductory editorial. The editors 
ask: “Can the scientific method solve the larger, 
more pervasive questions about man as well as the 
smaller, more particular ones ? Is the tool with which 
man has won his victories over the physical world 
applicable to uncovering the laws which govern man’s 
conduct, the deepest causes of our strife and our 
harmony ? If fragments of multiple sciences were 
brought together in a unitary behavioral science and 
all the separate skills focused on the study of human 
behavior, perhaps the time required to find the 
answers to these questions could be reduced. The 
uniformities among disciplines could be recognised ; 

* Journal of Psychosomatic Research, 1, No. 1 (1956). Pp. 96+2 
plates. (London and New York: Pergamon Press, Ltd.) £5 (14 dollars) 
per year, or 70s. (9.80 dollars) for individual subscribers certifying that 


the journal is for their private use. 

+ Behavioral Sci , 1, No. 1 (January 1956). Pp. 82. (Baltimore, 
Md., and Ann Arbor, Mich.: Mental Health Research Institute. 
University of Michigan.) 6 dollars per year or 1.75 dollars per issue. 
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betier communication among them established ; 
gencralities of findings magnified ; additional benefits 
derived from comparing theories in diverse fields, 
explaining similarities and differences, and the validity 
an applicability of empirical work increased by 
planning individual studies as components of an 
explicit mosaic of research strategy.” 

The result of this wide plan has been, perhaps 
inevitably, that the papers tend to be mainly mathe- 
matical. This may be valuable since there is a limit 
to clinical research, and without the aid of other 
sciences psychology and psychiatry will reach an 
impasse. The papers here suggest that there is little 
danger of this. They range from “Biological and 
Cultural Evolution” to a “Critique of Stochastic 
Models for Learning”. This journal will be a joy 
to the mathematician and no doubt will draw many 
into the study of behaviour who would otherwise 
treat it as too vague to be of interest. 

CLIFFORD ALLEN 


THE NEED FOR OBSERVATIONS 
IN THE OLDER BRANCHES OF 
ASTRONOMY 


OR, his presidential address last year to the Royal 
Astronomical Society and since published (Mon. 
Not. Roy. Astro. Soc., 115, 2; 1955), Dr. J. Jackson 
took as his subject “The Need for Observations in 
the Older Branches of Astronomy, especially Double 
Stars’, and discussed three branches with which he 
has been associated for about forty years: double 
stars, stellar parallax and meridian astronomy. After 
the First World War Dr. Jackson did a considerable 
amount of work on double stars, collecting and dis- 
cussing the observations made during the preceding 
thirty years. The observing programme at that time 
was largely restricted to the Struve stars, but now 
that many new double stars have been catalogued 
and that there has been a great decrease in the 
number of observers, it is necessary, said Dr. Jackson, 
to review the position. Sufficient knowledge regarding 
the average masses and distances of ordinary stars is 
now available to decide on those stars that are worth 
observing at intervals of twenty years and to dis- 
tinguish them from those that cannot be expected to 
reveal orbital motion of more than a degree or two 
in a century. 

The importance of this is shown by the following 
considerations regarding the & stars. These were all 
picked up during 1824-27 with a 9}-in. refractor from 
among the hundred and twenty thousand brightest 
stars north of Dec. — 15°, and while the original 
list contained more than three thousand double 
stars, after various adjustments and rejections there 
remained 2,659 brighter than about magnitude 9 
and with a separation less than 32”. Before these 
were put on the Greenwich observing list, most of 
them had been observed at several epochs, and when 
Dr. Jackson discussed them in 1922 he found as 
follows: relative motion was shown by 649, un- 
doubted orbital motion by 449, mere optical doubles 
in 161 cases, and in 39 pairs showing rather large 
relative motion it was difficult to decide whether they 
formed binary or optical systems; it is suggested 
that while the majority probably belonged to the 
latter class, some may have been true binaries with 
a rather large parallax which could be confirmed by 
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trigonometrical observations. A very important point 
is that 2,010 of these stars showed no certain relative 
motion of the components, and the great majority of 
these must be real binaries with periods of many 
thousand years, as Dr. Jackson shows by an analysis 
of the figures. His conclusion is that the 2,010 stars 
which had shown no relative motion by 1920, 
although true binaries, scarcely need any further 
attention until the end of this century. The 449 
showing orbital motion, and also the 39 for which 
the nature of the motion is uncertain, should, he 
thinks, be observed at intervals of ten or twenty 
years until an orbit can be computed or the pair 
proved merely optical. 

Turning to the OY stars, which were discovered 
with the 15-in. refractor at Pulkovo mostly during 
1841-42, Dr. Jackson said that, owing to the close- 
ness of the components and relatively greater 
difference in brightness than those just considered, 
they are more difficult to see and observe accurately. 
Hussey re-observed them with the 12-in. and 36-in. 
refractors at Lick Observatory, and when Dr. Jackson 
discussed them in 1923 he found that 135 showed 
orbital motion, 15 were optical systems, 5 showed 
motion of uncertain nature, and 270 showed no 
motion. In spite of the fact that these stars had 
been observed over a shorter interval of time than 
the © stars and, in addition, accurate observation 
was more difficult, yet they contained a greater per- 
centage of stars of importance for the future, a fact 
which is attributable to the stars being closer and 
the components brighter. Dr. Jackson’s final remarks 
on the subject were: “I therefore conclude that one 
of the most urgent needs of observational astronomy 
at the present time is the systematic re-observation 
of important double stars for which we have already 
detected the beginnings of orbital motion. The 
position may not be quite so bad as it appears as 
there may be a number of measures of double stars 
not yet published, and the absence of a general 
catalogue giving observations later than 1927 makes 
it difficult to estimate the true position. Neverthe- 
less the reports of the International Astronom‘cal 
Union do indicate a steadily decreasing number of 
measures”. (After preparing his address, Dr. Jackson 
became aware of the measures of many close double 
stars made by Dr. Muller, of Strasbourg, during a 
four months visit to Lick Observatory, and a foot- 
note to the published address directs attention to 
this, with a short account of the first orbits calculated - 
for thirteen double stars.) 

The position with regard to parallax determina- 
tions is very satisfactory when compared with that 
about half a century ago. In Newcomb’s book ‘The 
Stars”, published in 1904, there is a list of seventy- 
two stars for which parallaxes were known ; of these, 
there were fifteen about which it was noted that the 
results were subject to more doubt than usual, and 
one was stated to be entirely unreliable. In contrast 
to this, the Yale Observatory published in 1953 a 
“General Catalogue of Trigonometric Stellar Paral- 
laxes”, which gives the parallaxes of 5,822 stars 
from about ten thousand determinations ; this is the 
outcome of the great international scheme, devised 
about forty years ago by Schlesinger, for the mass 
determination of parallaxes, and was taken up at a 
dozen observatories which had long-focus telescopes. 
Several of the telescopes which have completed their 
programmes are at present used for the intensive 
observations of the nearest stars in the search for 
companions which are too close or too faint to be 
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discovered except by the periodic displacement of 
the centre of light. A number of stars have been 
found to have companions which move in orbits 
with periods of a year or two. It is suggested that 
parallax observations for the next few years may be 
confined to filling in the gaps made by the omission 
of stars of early and late types, to the observation 
of certain specific stars, such as double stars or 
Vyssotsky’s stars with dwarf characteristics, and to 
unravelling some of the larger discordances. 

In the final part of his address, devoted to meridian 
astronomy, Dr. Jackson pointed out that at present 
the Royal Greenwich Observatory alone in Britain 
carries out observations with the meridian instru- 
ment for determining stellar positions. Several 
factors have contributed to this diminution of 
meridian observations in different countries, among 
which the economy of photography is important, 
and some may ask what justification there is for 
meridian astronomy. The answer is that, while we 
need accurate positions of only sufficient stars for 
reducing photographic plates, we require the proper 
motions of as many stars as possible, of every degree 
of brightness, of every spectral type, of every kind 
of variability, and in all galactic longitudes and 
latitude:, and all this involves the positions at two or 
more epochs. To determine the average distances of 
groups of stars too far away for trigonometrical 
calculations, proper motions are necessary, and they 
are thus important in investigations concerning 
the content of the Milky Way system at distances 
exceeding a hundred parsecs, in addition to showing 
the systematic and random motions of the stars 
themselves. This led Dr. Jackson to a discussion of 
the fundamental systems used, of certain disadvan- 
tages inherent in some and also of various ideas for 
improvements. His address ended with a short 
account of a very important aspect of meridian 
astronomy—namely, accurate time determinations— 
in which the Royal Observatory plays a prominent 
part, and the results of the photographic zenith tube 
in action are awaited with interest. 


BRITISH JOURNAL OF RADIOLOGY 
SIXTIETH ANNIVERSARY 


HE May issue of the British Journal of Radiology 

is its diamond jubilee number. The Journal is 
the direct descendant of the Archives of Clinical 
Skiagraphy, which was the first journal to be devoted 
entirely to radiology. Its first number was dated 
April 2, 1896; but apparently it is not clear whether 
it was actually published then or in May of that 
year. 

The British Journal of Radiology has had a great 
influence throughout the world in the development 
of medical radiology in its widest sense, and the 
jubilee number includes a number of historical reviews 
of particular interest. Prof. G. Stead deals with the 
contributions of physics to the progress of radiology 
during the past sixty years. It is perhaps singularly 
fortunate that many leading physicists have always 
devoted a great deal of effort to the advancement 
of the applications of physics to medicine. The first 
presidential address to the Roentgen Society, given 
by Silvanus Thompson, was apparently a remark- 
able beginning. Sir Oliver Lodge published a course 
of six lectures specially designed for medical prac- 
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titioners. In the present number, Sir John Cockcroft 
writes on “The Future Role of Atomic Energy in 
Industry, Science and Medicine’, Dr. Russel J, 
Reynolds reviews sixty years of radiology, and Dr, 
James T. Case summarizes the evolution of mo: ern 
radiology. A point of historical interest is tha: in 
1879 Sir William Crookes, without realizing it, jad 
apparently obtained X-rays in the course of his 
experiments and had sent fogged photographic plates, 
which had been stored near his vacuum tubes, |hack 
to the manufacturers as defective. 
X-ray apparatus by Mr. Cuthbert Andrews is il/\:m- 
inating. On the historical side, he mentions ‘hat 
“bound in the 1897 volume is what is undoubtedly 
the forerunner of our modern successful supplements 
—A Supplement to the Archives of the Réntgen Ray, 
entitled ‘Radiography in Marine Zoology— he 


British Echinodermata’, by Dr. Wolfenden’”’. Of 


particular interest to radiotherapists are the reviews 
by Dr. N. 8. Finzi on radiotherapy and Dr. A. 
Lacassagne on radiobiology. 

The development of British radiology has depended 
upon a number of factors. Among the most important 


of these are probably the recognition of the value of 


consultation in medicine with special reference to the 
many aspects of radiology, the applications of physics 
to both radiodiagnosis and radiotherapy and the 
interest throughout the years shown by many clinical 
radiologists in those aspects of fundamental science 
now called radiobiology. It is clear that the British 
Journal of Radiology has played a great part in 
facilitating these developments. 


ROCKEFELLER FOUNDATION 
GRANTS 


HE National Academy of Sciences, Washington, 

has initiated a study of the possible biological 
dangers to present and future generations of exposure 
to atomic radiation. 250,000 dollars has been 
awarded by the Rockefeller Foundation for this 
project. A biophysics research programme on the 
cultivation of individual animal cells has been 
devised by Dr. Theodore Puck and his associates in 


the University of Colorado, towards which the. 


Foundation has made an award of 85,000 dollars. 
The Foundation has made a research grant of 60,000 
dollars to Drs. J. J. Christensen and ‘W. M. Myers 
for their work in the University of Minnesota in 
connexion with wheat stem rust. Research on the 
genetic factors of intelligence and emotional variation 
in dogs, directed by Dr. C. C. Little at the Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Maine, 
receives a first-quarter grant of 50,000 dollars. 

Dr. Edwin D. Kilbourne, of Cornell University 
Medical College, is working on latency or activation 
of viruses, towards the expenses of which the 
Foundation has granted 48,000 dollars. The Univer- 
sity of Chicago is to receive 50,000 dollars for its 
programme of training in statistics for scientists. 
The State Institute for Human Genetics, Upsala, 
Sweden, has been awarded 50,000 dollars. The work 
will be shared with the University of Upsala and the 
Royal Agricultural College. Prof. A. Rossi-Fanelli’s 
work at the Institute of Biological Chemistry, 
University of Rome, will be supported over a period 
of four years by a grant of about 30,000 dollars, and 
that of Prof. P. Desnuelle at the Institute of Bio- 
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logical Chemistry, University of Aix-Marseille, over 
a period of five years by a grant of 25,000 dollars. 

Research in biomathematics under Dr. Irwin 
Bross, of the Cornell University Medical College, is 
to be supported by a five-year grant of 50,000 
dollars. 

Among other grants made by the Rockefeller 
Foundation for the first quarter of 1956 are the 
following: Prof. T. Park, University of Chicago, 
experimental ecology, 10,500 dollars; National 
School of Agriculture and Livestock, Managua, 
Nicaragua, laboratory and field equipment; Prof. 
F. Buchthal, University of Copenhagen, physiology, 
14,000 dollars ; Institute of Pharmacology, Univer- 
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sity of Padua, virology, 10,000 dollars; Prof. 8. 
Bezzi, University of Padua, organic chemistry, 10,000 
dollars ; University of Florence, Institute of Botany, 
9,000 dollars; University of Utrecht, Biophysical 
Research Group, 12,000 dollars; Prof. Per F. 
Scholander, University of Oslo, experimental biology ; 
Royal Veterinary College, Sweden, equipment for 
animal physiology. 

Numerous grants towards travelling and study 
expenses and towards the costs of various congresses 
were also made. Forty-five fellowships were awarded 
in the following subjects: agriculture (23), biology 
and medicine (5), humanities (5), medical education 
and public health (7), social sciences (5). 


OVULATION DURING DELAYED IMPLANTATION AND OTHER 
REPRODUCTIVE PHENOMENA IN THE BADGER (MELES MELES L.) 


By Pror. R. J. HARRISON 
Anatomy Department, London Hospital Medical College, E.| 


AND 


E. G. NEAL 


Biology Department, Taunton School, Somerset 


EPRODUCTION in the European badger has 

been the subject of controversy for many years, 
and one authority or another has made claims for 
each month of the year to be that of the mating 
season. Those investigators! who have recently 
examined the reproductive pattern comment at 
length on the prolonged period of delayed implanta- 
tion. Fischer! calculated from embryological data 
obtained from badgers in Germany that mating took 
place during July-September, that implantation 
(delay of from 4 to 5 months) occurred in December 
and January and that cubs were born during 
January-March. Notini* stated that in Sweden 
mating occurred in May, that implantation was 
delayed for seven to eight months and that the cubs 
were born in March. Preliminary observations by 
Neal® in south-west England suggested that mating 
occurred not only in April and May, but also during 
July-September. Implantation usually occurred in 
December and parturition followed within sixty days. 
All these investigators have recovered blastocysts or 
embryos at different times of the year, but none has 
made an exhaustive histological examination of the 
ovaries and reproductive tract, or counted the 
corpora lutea. 

Since the date of the first report, Neal? and his 
collaborators have maintained intensive observation 
of the numbers and behaviour of badgers at various 
localities in Gloucester and Wiltshire, but mainly 
on the Quantock Hills, Somerset. More than fifty 
animals, cubs and adults, were obtained for dis- 
section as the result of being run over by motor-cars, 
killed by badger-diggers, keepers or pest-control 
officers. The specimens were difficult to obtain, 
and have taken nine years to accumulate, but 
the series covers the entire cycle and pregnancy 
except for July. The ovaries have been serially 
sectioned, and sections of the reproductive tract 
have been examined. The uterus of each animal 
was carefully opened and searched or washed out 


for blastocysts, and serial sections were cut of the 
uterine tubes of those animals that had recently 
ovulated. 

Examination of the fixed material indicates that 
the reproductive pattern in the badger is complex 
and variable. Maturing, mature and recently rup- 
tured follicles are present in the ovaries in February 
and March, but the earliest date for recovery of 
blastocysts is April 30, 1955. During April—July the 
average number of blastocysts is 2-3 per animal 
(range 1-3) ; the number of corpora in these animals 
averages 4-0 per animal (range 3-6). The excess of 
corpora may be explained by not finding all the 
blastocysts or by loss due to degeneration. Twice as 
many animals (13) during this period had corpora in 
varying stages of development or retrogression 
(average 4-0 corpora per animal, range 2-7), but no 
ova, cleavage stages or blastocysts were found. In 
June, animals with blastocysts in the uterus and an 
equivalent number of corpora in the ovaries also 
possessed large, maturing follicles. 

During the period August-Decemier many differ- 
ences can be detected ; all but one of twenty adult 
females had blastocysts (average number 3, range 
2-5) in their uterine horns. There is a significant 
rise in the average number of corpora to 6-2 per 
animal (range 2-11), and maturing follicles were also 
present in animals killed in late September. An adult 
female killed on October 16, 1954, gave an explana- 
tion for the findings. Four recently ruptured follicles 
and five retrogressing corpora lutea were present in 
the ovaries ; of the latter, two -corpora looked more 
degenerate histologically than the other three. Three 
healthy blastocysts were in the uterus, and in serial 
sections of one uterine tube there were two degenerate 
and apparently unfertilized ova. This and other 
similar examples indicate that the number of corpora 
increases during the period of delayed implantation 
due to ovulation during delay, and there is evidence 
from several animals that it can occur more than 
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(Above) Section of part of one ovary from a badger killed on 

October 16,1954, showing two young corpora and an older one. 

x 13. (Lower right) One of two degenerating ova present in the 

uterine tube of the same badger; there were three unimplanted 

blastocysts in the uterus. x 180. (Lower left) Tall columnar 

epithelial cells of the uterine mucosa during delayed implantation. 
x 440 


once. Ovulation does not necessarily always occur 
for the first time in the spring, since evidence was 
found of sets of young corpora in June, September 
and even October, that were associated, in each 
specimen, with an equal number of blastocysts. 
Several animals killed in June, September and 
October showed thick, stratified and cornified vaginal 
epithelia, possessed maturing follicles, and had vary- 
ing numbers of corpora and blastocysts. Others, 
sometimes killed on the same day as one of the 
above, lacked follicles, had only a low transitional 
vaginal epithelium, but possessed just as many 
corpora and blastocysts. During January and 
February a few pregaant animals were killed; the 
average number of embryos per animal was 3-1 
(Fischer’s material gives an average number of 2-7 
and Notini’s 2-5 per animal). Observations on the 
number of cubs after birth in south-west England 
give an average of 2-25 cubs per sow (8 singles, 22 
twins, 8 triplets, 5 quadruplets). The average number 
of corpora lutea per animal during pregnancy is 6-5 
(range 2-11). Thus no accessory corpora appear to 
be formed after implantation. The corpora present in 
each pair of ovaries from October to the end of 
pregnancy have similar characteristics, are twice as 
large as those of delay and are better vascularized. 
Rejuvenescence in the corpora lutea and the imme- 
diate pre-implantation changes in the uterus are 
heralded by increased vascularization and hyperemia 
in these organs. Corpora lutea persist until the end of 
pregnancy, but show signs of involution at mid- 
pregnancy. They degenerate rapidly during lactation. 
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It therefore appears that the female badger in 
south-west England, having reached maturity during 
its second year, can either (a) ovulate for the first 
time in the early months of the year and have u) to 
nine months delayed implantation during which ) to 
three further ovulations may occur, (b) ovulate for 
the first time during the summer or autumn, perhaps 
exhibit further ovulations, and thus have a delay of 
implantation varying from two to six months. 

There is no evidence of replacement of blastocysts, 
and little to suggest addition during the period of 
delay. The blastocysts exhibit similar characteristics 
throughout the period, with a large perivitelline 
space, and showing some evidence (as Notini? found) 
of slow but steady increase in size. The blastocysts 
are irregularly placed along the uterine horn during 
delay, and may even be found bunched together 
either at the proximal or distal ends of the uterine 
horn; spacing along the horn seems to occur just 
before implantation. 

The uterine mucosa reacts scarcely at all to the 
ovarian events until implantation, and thus appears 
to be less sensitive to the prevailing hormonal 
environment than the vagina. Little secretory 
activity in the uterine glands can be seen, and the 
greatest detectable change is in the lining epithelium 
of the uterus, which appears to pass through cycles 
of changes from low cubical to high palisade, mucified 
columnar cells with the nuclei varying in position. 
It is quite possible that it is these cells that are 
providing nutriment for the blastocysts during 
delay. 

The histological and embryological findings fit in 
very interestingly with the observations of behaviour. 
Sexual excitement is greatest during the period 
February—May, and at other times takes the form of 
short isolated nights with long-periods in between 
where no interest of any kind is shown. From mid- 
May to mid-July the badger shows least sexual 
activity, and feeding occupies its activities. Mating 
has been observed by Neal and his collaborators 
during the main period of sexual excitement, late 
March-May, and again during July-September. 
Attempted matings were observed during February 
and March and in early October. 

It would appear that the corpora of delay are not 
active producers of progestins, and that there is no 
evidence to support an argument that corpora 
accumulate as the result of additional ovulations 
during delay until their combined progestin secretion 
is sufficient to induce implantation. In fact, the 
corpora of delay are all characterized by varying 
degrees of vacuolation in the cytoplasm of the luteal 
cells and even by fairly advanced cellular degenera- 
tion. The evidence from badgers kept isolated in 
captivity?»* proves that a period of delay of eight 
months is quite possible (there are even records of 
females giving birth after being kept isolated for 
thirteen and fifteen months), and suggests that the 
mating stimulus is not necessary to precipitate 
implantation. No vaginal smears were prepared from 
these animals and thus the possibility of spontaneous 
ovulations or even of the existence of a definite 
ovarian cycle during delay cannot be ruled out. 
Lactation does not appear much to influence the 
events ; it lasts about four months and has virtually 
ceased by the end of June. Increase in the length of 
day has been suggested*s* as a factor inducing 
implantation in the mink, but it is difficult to con- 
sider this a factor in the badger. The animal lives 
mainly in a deep burrow during the day, emerges in the 
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dusk and is virtually nocturnal in its habits ; further, 
our evidence suggests that implantation in many 
animals must occur before the days start to lengthen. 
The age of the animal does not influence much the 
reproductive pattern, since both young and old 
females display delay ; there is slight evidence from 
two older females that there had been an increase in 
the number of times follicles had ruptured during 
delay. 

{It is felt that insufficient attention has been 
directed to the part that may be played during 
delay by the adrenal and by the interstitial tissue 
of the ovary. In the badger, the latter tissue is 
well developed, particularly in the cortical region, 
and is curiously invaded by numerous commun- 
icating epithelial tubes. These intra-cortical tubes 
sometimes extend from openings on the surface 
of the ovary to the hilum, where they may anastomose 
with the rete ovarii. They are reminiscent of the 
sub-surface crypts of the covering epithelium 
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described by Harrison and Matthews’? in a wide 
variety of mammals, but are developed to a degree 
much greater even than that observed in Pinnipedia. 
The cortical interstitial tissue passes through a dis- 
tinct series of cytological changes during delay, and 
histochemical techniques strongly suggest it to be 
active during this time; it reacts to a variety of 
techniques more strongly than any other component 
of the ovary. 

A detailed account of all the aspects of reproduction 
elicited from the observations on behaviour and 
examination of the fixed material will be presented 
shortly. 

1 Fischer, E., Verh. Anat. Ges. Jena, 40, 22 (1931). 

* Notini, G., Biologiska Undersoknigar over Gravlingen (Upsala, 1948). 
3 Neal, E., ‘“‘The Badger” (Collins, London, 1948). 

‘Cocks, J. A., Zoologist (4), 7, 441; 8, 108 (1903-4). 

* Enders, R. K., Proc. Amer. Phil. Soc., 96, 691 (1952). 

* Hansson, A., Acta Zool. Dilloana, 28, 1 (1947). 


7 Harrison, R. J., and Matthews, L. H., Proc. Zool. Soc. Lond., 120. 
699 (1951). 


ORGANIC PEROXIDES AND MUTAGENIC EFFECTS IN 
DROSOPHILA 


By Dr. F. H. SOBELS 


Genetisch Instituut der Rijksuniversiteit, Utrecht 


Mutagenicity of Dihydroxydimethyl Peroxide 
and the Mutagenic Effects of Formaldehyde 


T has been suggested! that the mutagenic action of 

formaldehyde may be related to that of organic 
peroxides. The fact that a mixture of formaldehyde 
and hydrogen peroxide is a much stronger mutagen 
for Neurospora conidia than either substance alone 
has been attributed to the formation of an organic 
peroxide, dihydroxydimethyl peroxide, HO—CH,— 
0—O—CH,—OH*. According to Jensen et al., even 
pure formaldehyde solutions exercise their mutagenic 
effect on Neurospora by way of peroxide formation. 

In Drosophila a mixture of formaldehyde and 
hydrogen peroxide did not produce more mutations 
than formaldehyde alone*. This may be due to the 
high catalase content of the body fluids of the fly. 
Catalase inhibition has been used’ to test the idea 
that peroxide formation plays a part in the pro- 
duction of mutations by formaldehyde injections into 
Drosophila. The result supported this assumption ; 
for a given dose of formaldehyde produced twice as 
many mutations in males which had been pretreated 
with sublethal doses of cyanide vapour than in flies 
not so treated. 

Mutations in Drosophila have been produced by 
direct application of organic peroxides by Altenburg’, 
using tert.-butylhydroperoxide, and by Sobels®, using 
dihydroxydimethyl peroxide. The latter substance is 
of particular interest because of its probable impli- 
cation in mutagenesis by a formaldehyde — hydrogen 
peroxide mixture, and it has therefore been studied 
in more detail. 

The compound was synthesized by Mr. M. J. D. 
van Dam, of the Department of Organic Chemistry, 
University of Utrecht, by the reaction of formalde- 
hyde and hydrogen peroxide in ether’. All solutions 
contained 0-7 per cent sodium chloride in distilled 
water and were buffered at pH 6-6. 0-28 mm.? of 
such solutions was injected into the abdominal 





cavity of wild-type Oregon-K males characterized by 
& spontaneous mutation-rate of 0-2-0-3 per cent. 
The treated males were afterwards tested for the 
incidence of sex-linked lethals by means of the 
Muller-5 method. Preliminary observations were 
made on the pattern of sensitivity in the gonads of 
the treated males by mating them individually to 
three fresh virgin Muller-5 females at specific intervals. 
The successive broods arising in this way then repre- 
sent successively younger stages of spermatogenesis 
at the time of treatment. 

Four different concentrations of dihydroxydimethyl] 
peroxide were used. Those with the higher doses 
showed that it is a fairly potent mutagen for mature 
spermatozoa. A 0-04 M solution, which is highly 
toxic, produced 1-7 per cent lethals in 662 chromo- 
somes from sperm used during the first three days 
after treatment. A 0-02 M solution produced 3-6 per 
cent lethals in 471 chromosomes from sperm utilized 
on the first day after treatment. In the latter 
experiment, spermatozoa which had been utilized 
from the second to the fourth day were also tested 
for lethals; they carried only five lethals in 662 
chromosomes (0-8 per cent). Still later broods were 
not examined. 

The lowest concentrations of dihydroxydimethyl 
peroxide were, on the contrary, ineffective on mature 
spermatozoa, but resulted in an increased mutation- 
rate in the third brood produced from the seventh to 
the tenth day after treatment. After treatment with 
0-0138 M dihydroxydimethyl peroxide, this brood 
contained 1-3 per cent lethals in 933 chromosomes, 
and after treatment with a 0-015 M solution it con- 
tained 1-8 per cent lethals in 439 chromosomes. It 
thus appears that at some stage during spermato- 
genesis, sensitivity to the mutagenic action of 
dihydroxydimethyl peroxide is even higher than in 
mature spermatozoa. 

The present finding that dihydroxydimethyl per- 
oxide, like formaldehyde, induces mutations in mature 
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sperm supports the hypothesis‘ that formaldehyde 
exerts at least part of its mutagenic effects via the 
formation of an organic peroxide. In addition to 
their action on mature sperm, both dihydroxy- 
dimethyl peroxide and formaldehyde* produce 
mutations in earlier stages of spermatogenesis. This 
further similarity suggests that the formation of a 
peroxide may also be involved in the mutagenic 
effects of formaldehyde on earlier stages of sperm 
development. It cannot yet be decided whether the 
same is also true for the mutagenic action of form- 
aldehyde, if fed to the larve, in which case mutations 
were obtained only in the auxocyte stage preceding 
meiosis®. 

In view of the enhancing effects of a cyanide pre- 
treatment on formaldehyde mutagenicity, the effects 
of cyanide on peroxide-induced mutation-rates were 
studied. Such pretreatments did not enhance the 
mutagenic effects of strong doses of dihydroxy- 
dimethyl peroxide ; a slight effect in the first brood 
after injection of the low doses is not excluded, 
however. This result can perhaps be interpreted by 
assuming that after administration of dihydroxy- 
dimethyl peroxide the fly is provided with the 
ready-made product, whereas in the case of form- 
aldehyde, catalase-inhibition favours accumulation 
of the peroxide. 

Finally, it may be mentioned that one daughter 
of a male treated with dihydroxydimethy] peroxide 
carried @ mutation to an allele of white in part of 
her gonads. This observation of delayed action 
brings dihydroxydimethyl peroxide into line with 
other chemical mutagens’. 

I am much obliged to Mr. M. J. D. van Dam for 
his co-operation in synthesizing the dihydroxy- 
dimethyl peroxide preparation. 

1 Jensen, K. A., Kirk, I., Kolmark, G., and Westergaard, M., Cold 
Spring Harbor Symp. ” Quant. Biol., 16, 245 (1951). 

* Dickey, F. H., Cleland, G. H., and Lotz, C., Proc. U.S. Nat. Acad. 
Sei., 35, 581 (1949). 

* Sobels, F. H., Amer. Naturalist, 88, 109 (1954). 

* Sobels, F. H., and Simons, J. W. I. M., Z. ind, Abst.- u. Vererblehre 
(in the press). 

* Altenburg, L. S., Proe. U.S. Nat. Acad. Sci., 40, 1037 (1954). 

* Sobels, F. H., Drosophila Inform. Serv., 28, 156 (1954). 

’ Wieland, H., and Wingler, A., Ann. Chem., 431, 301 (1923). 

8 a C., and Moser, H., Z. ind. Abst.-u. Vererblehre, 85, 479 


(1953 ; 
* Auerbach, C., Cold Spring Harbor Symp. Quant. Biol., 16, 199 (1951). 
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Effect of Pretreatment with Dihydroxy- 
dimethyl Peroxide on the Rate of 
Mutations induced by X-rays 


PreEviovus observations showed an enhancement of 
the rates of mutation induced by X-rays after pre. 
treatment with cyanide and azide’. This fin ding 
suggested that increased production of hydrogen 
peroxide, due to inhibition of the cytochrome and 
catalase enzyme systems, made the genetic material 
more sensitive to the effects of radiation. The fact 
that pretreatment with formaldehyde likewiso on- 
hanced the genetical effects of X-rays (unpublished 
work) supports this assumption, because forma|«e- 
hyde also inhibits catalase and in addition produces 
mutations, presumably through the formation of an 
organic peroxide (see above). 

For a further test of the idea that the presenc: of 
increased amounts of a peroxide enhances the effects 
of irradiation, flies were pretreated with an organic 
peroxide, dihydroxydimethyl peroxide. 

Oregon-K males one to two days old were injected 
with low concentrations of dihydroxydimethy] per- 
oxide and placed under the X-ray apparatus immecdi- 
ately afterwards, the average time between injection 
and irradiation being 13 + 10 min. X-radiation was 
by a General Electric, Maximar 100 model of the 
dermatology clinic of the University of Utrecht at 


100 kVp., 5 m.amp., 1 mm. aluminium (half-value 
thickness: 1:3 mm. aluminium) and 240 r. per 
minute. Simultaneous exposure of pretreated and 


X-ray control flies to the irradiation was possible by 
the use of different indian ink marks on their thorax. 
The preparation of the dihydroxydimethyl peroxide 
solutions and the genetic methods employed were 
essentially similar to those described before (see above). 

Table 1 (upper half) presents the results of two 
experiments in which males were mated one day 
after treatment and afterwards changed to three 
fresh Muller-5 females per male every three days. It 
will be seen that, as in previous experiments, <i- 
hydroxydimethyl peroxide by itself in low concen- 
trations had only a negligible effect on frequency of 
mutation in the first two broods, but exercised a 
definite mutagenic action on some earlier stage of 
spermatogenesis, which in these experiments fur- 
nished spermatozoa for the third brood. In the two 


Table 1. FREQUENCY OF SEX-LINKED LETHALS IN SUCCESSIVE BROODS FROM MALES WHICH HAD BEEN INJECTED WITH SOLUTIONS OF 
DINYDROXYDIMETHYL PEROXIDE PRIOR TO X-RADIATION, AS COMPARED WITH THAT FROM MALES WHIOH WERE IRRADIATED WITH X-RAYS OR 
INJECTED ONLY 

































































Concentration Sex-linked lethals (days after treatment) — 
of dihydroxy- ~ - — 
Experiment dimethyl 1-4 4-7 7-10 
peroxide or sd - 
radiation dose| » chrom. % leth. n chrom. % leth. n chrom. % leth 
P 1-2 0-015 M 615 0-6 536 02 439 1-8 
R, 1,700 r. 479 4°38 452 4-4 534 7°3 
P-R, 0-015 M 462 5-8 408 15-9 339 4-7 
ad 
} 1,700 r. ey? = 11 "i _* < 0-001 
R, 1,700 r. 485 5°6 5°8 474 5-5 
P-R, 0-015 M 484 4°5 is 11°6 561 5°3 | 
1,700 r z° = 6°32; P < 0-02 
«hed 4-5 6 7-10 
a = —_ 6 aeRO Say fT ee ss 
n chrom. % leth. n chrom. | % leth. n chrom. | % \eth. n chrom. %leth. | 
ae 0-0138 M 524 — 495 495 0-4 512 1-4 | 
R; 1,511 r. 497 4-6 513 49 261 73 329 2-4 
P-R; 0-0138 M 506 4-7 458 9-8 70 20-0 387 26 
a 
1,511 r x? = 5°77;| P< 0:02 2 =8-06;) P< 0-01 
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experiments in which it was combined with irradia- 
tion, an effect of the pretreatment was apparent only 
in the second brood, where it was statistically highly 
significant. It remained significant after correction 
for the possibility that the mutagenic effect of 
dihydroxydimethyl peroxide by itself, which in the 
controls occurred in the third brood, was in these 
experiments shifted to the second. 

With the mating scheme used, the second brood in 
X-ray experiments is usually drawn from the most 
sensitive stage in spermatogenesis and yields the 
highest frequency of mutation after irradiation!»*. It 
is this stage which responds most clearly to the 
potentiating action of cyanide and azide on X-ray 
mutagenesis (Fig. 1). The present results, therefore, 
seem to bring pretreatment with dihydroxydimethy| 
peroxide in line with those earlier experiments. 
Unfortunately, however, sperm utilization in the 
present experiments was not as had been expected, 
and had resulted in unusual brood patterns of 
mutation-rate. In R, the peak occurred in the third 
brood, in R, there was no clear peak at all. In R, at 
least it seemed possible that the high mutation-rate in 
the second brood of the pretreated series was due not 
so much to an effect of dihydroxydimethyl peroxide 
on X-ray mutagenesis as to a change in the rate of 
sperm utilization, as a result of which the stage most 
sensitive to the peroxide alone furnished sperm for 
the second brood. Even on this assumption, there 
remains a real excess of mutations in the pretreated 
series. Thus the enhancing action of dihydroxy- 
dimethyl peroxide on X-ray mutagenesis seems well 
established by these experiments ; but the question 
whether this action is exercised at the same stage as 
those of cyanide and azide could not be decided from 
them. 

A third experiment was therefore carried out with 
a mating scheme which, it was hoped, would result 
in a clearer separation of the stages of spermato- 
genesis. Four broods were raised, covering suc- 
cessively three, two, one and three days. A smaller 
X-ray dose and a lower concentration of peroxide 
were chosen than in the previous experiments, the 
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1 4 7 10 13 
Days after treatment (broods) 
O--O, X-rays; @ — @, potassium cyanide + X-rays ; 
A —:— A, sodium azide + X-rays 
Fig. 1. Frequency of sex-linked lethals in successive broods from 
males which had been injected with solutions of cyanide (0-008 M) 
or azide (0-003 M) prior to X-irradiation with 1,700 r., as com- 
pared with that from males receiving X-rays only 
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1 4 6 7 10 
Days after treatment (four broods) 
O--O, X-rays; [1—--—0O, DHMP; @-e@, 
DHMP + X-rays 
Fig. 2. Frequency of sex-linked lethals in successive broods from 
males which been injected with 0-0138 M dihydroxydimethyl 
peroxide prior to X-irradiation with 1,511 r., as compared with 
that from males which were irradiated or injected only 





former to guard against sterility and saturation at 
the most sensitive stage, the latter in order to 
minimize the mutagenic action of the peroxide by 
itself. The results are set out in Table 1 and in Fig. 2. 
Under these conditions, mutation frequency after irra- 
diation without pretreatment rose slightly from the 
first to the second brood and reached a decisive peak 
in the third. The potentiating effect of dihydroxy- 
dimethyl peroxide started in the second brood and 
was most pronounced in the third ; y* was significant 
for both broods. Dihydroxydimethyl peroxide by 
itself, on the other hand, produced a slight mutagenic 
effect only in the fourth brood, when mutation, 
frequencies in the two irradiated series had already 
dropped below the initial level. These results lead 
to the conclusion that dihydroxydimethyl peroxide, 
like potassium cyanide and sodium azide, enhances 
the mutagenic effect of X-rays mainly or perhaps 
exclusively during the sensitive stage, while its own 
mutagenic effect is exercised on some earlier stage. 

The marked similarity between the enhancing 
effects of dihydroxydimethyl peroxide and those of 
potassium cyanide and sodium azide supports my 
earlier hypothesis that, after pretreatment with the 
latter substances, increased. amounts of peroxide 
were responsible for the greater mutagenic action of 
the radiation. In this connexion the results of Stone 
et al. on carbon monoxide poisoning before and 
after irradiation of Drosophila virilis are of great 
interest. They found that, due to inhibition of the 
cytochromes, an increase in the X-ray — induced 
translocation-rates in this species is most pronounced 
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at a stage corresponding to stages of peak sensitivity 
to the mutagenic effects of irradiation in D. melano- 
gaster. 

The present observation that one particular stage 
of spermatogenesis, characterized by peak sensitivity 
to the mutagenic action of X-radiation, also shows a 
preferential response to pretreatment with an organic 
peroxide and other compounds which are thought to 
act via peroxide formation, suggests that the two 
phenomena may be related. They support the view 
put forward by Auerbach‘ for the mutagenic action 
of mustard gas, that at the sensitive stage some 
new mechanism for mutagenesis is added to that 
which acts on mature spermatozoa, this new mech- 
anism presumably being connected with biochemical 
conditions prevailing in immature germ cells, but no 
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longer in ripe ones. Altogether, then, it seems a 
reasonable assumption that the formation of per. 
oxides accounts for at least part of the mutagenic 
action of X-rays on the genetic material of Drosop)iila, 
Prof. J. J. Zoon, who made the X-ray apparatus 
of his department available, and the technical 
assistance of Miss V. van den Hul and Mrs. J. 
Lanzing are gratefully acknowledged. I also wish to 
thank Dr. Charlotte Auerbach for reading both these 
manuscripts. The investigation was subsidized by 
the Radiobiological Group of the Health Research 
Council T.N.O. [Feb. 22 
2 Sobels, F. H., Z. ind. Abst.- u. Vererblehre, 86, 399 (1955). 
* Auerbach, C., Z. ind. Abst.- u. Vererblehre, 86, 113 (1954). 
* Stone, W. S., Haas, F., Alexander, M. C., and Clayton, F. E., Uniy 
Texas Pub., 5422, 244 (1954). ; 
* Auerbach, C., Heredity, 6 (Supp.), 247 (1953). 


TESTS OF PURITY OF DIPHTHERIA TOXINS BY ELECTROPHORESIS 
IN STARCH GEL 


By M. D POULIK 


Department of Hygiene and Preventive Medicine, University of Toronto, Canada 


I HAVE previously reported on the purification of 
diphtheria toxoid by filter-paper electrophoresis 
and continuous electrophoresis methods'?. Three 
components were obtained, two of them possessing 
no biological activity as demonstrated by the 
immunoelectrophoretic method introduced by me in 
19521. Recently I have separated highly concentrated 
and purified diphtheria toxins and toxoids as well as 
tetanus toxoids into several components by electro- 
phoresis in starch gel’. 

Since the actual concentrations of the materials 
are low, photography of these gels is very difficult in 
spite of the fact that the components are clearly 
visible by viewing them in reflected or transmitted 
light. The results from only a few of the materials 
tested will be presented here. Fig. 1 shows the 
photograph (A) of a starch gel in which the diph- 
theria toxoid from the Connaught Laboratories was 
separated. Five components (M, N, O, P, Q) stained 
with amido black 10B can be seen. Under the 


photograph is a diagram (B) of the same pattern. 
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Tt ii 


bie oe 








Fig. 1. Full black shading: heavy stain. Cross-hatching : plainly 
visible. Diagonal hatching: barely visible. Horizontal hatching : 
visible in t ransmitted light 


All other results described in this communication are 
represented by similar drawings. The biological 
activity of the components obtained was demon- 
strated by flocculatioa in agar gel using the tech- 
nique of immunoelectrophoresis already mentioned’. 


The result is represented graphically by a series of 


flocculation lines (Fig. 1,C) ; each of the components 
shows at least two. Component X gave two floc- 
culation lines in spite of the fact that it could not be 
demonstrated by staining methods. In the same 
figure the protein pattern obtained with toxin 
purified by Lepow and Pillemer‘ is shown with the 
corresponding lines of flocculation. This material is 
fraction E-2-2 containing 6,850 Lf./ml.; 2,350 Lf./ 
mgm. nitrogen; 2-80 mgm. nitrogen/ml. (Lepow, 
I. H., communication to Dr. D. T. Fraser). Seven 
clearly visible components were obtained and also 
three additional components perceptible by trans- 
mitted light (Fig. 1,D). The corresponding floccula- 
tions are drawn below (Fig. 1,£). The number of the 
stained components and the number of the floccula- 
tion lines correspond to the number of flocculation 
lines found by carrying out the flocculations in agar’. 
It is felt, therefore, that most of the components 











TD —3/51 — 162 Lf./mgm. 0-084 mgm. total nitrogen/mgm. 
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Toxin-Pope MS —605/7 — 2,610 Lf /mgm. total nitrogen 








Fig. 2. Shading same asin Fig. 1; vertical dotted lines : probably 
present 
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proposed by Dr. 8S. G. Pope et al. are demonstrated 
by the present technique. 
“Fig. 2 shows graphically results obtained with 
toxins 7'D-3/51 and 7'D-8/51 obtained from the 
Statens Serum Institut of Denmark through the 
courtesy of Dr. Inge Scheibel and with a toxin 
obtained from the Wellcome Laboratories through 
the courtesy of Dr. Pope. The latter material, 
designated MS-605/7, contained 1,540 Lf./ml.; 2,900 
Lf./mgm. protein nitrogen; 2,610 Lf./mgm. total 
nitrogen. After at least three further crystallizations, 
this material would give a single flocculation line in 
agar gel (communication to Dr. D. T. Fraser‘). 
Since the number of components differs in toxins 
from different laboratories, an attempt was made to 
determine the purity of Pope’s toxin by interaction 
with serum. During studies (unpublished) of the 
binding capacity of diphtheria toxin by polyvinyl- 
pyrrolidone, albumin and serum, it was observed that 
the filter-paper electrophoresis pattern of normal 
serum (Fig. 3,D) is disturbed when mixed with toxin 
(Figs. 3A, B). The space between albumin and 
alpha-1 is widened, the ‘alpha-1 globulin’ fraction is 
increased in amount and the ‘alpha-2 globulin’ 
fraction is decreased. By flocculation in agar gel the 
toxin was localized in the alpha-1 globulin position!. 
It can be seen that both toxins 7'D-8/51 (Fig. 3,A) 
and 7'D-3/51 (Fig. 3,B) influence the pattern in the 
same way. The percentage distribution of the com- 
ponents was measured by an electronic computer’ 
and the results are given on the left-hand side of 
each serum pattern. The toxin of Lepow and Pillemer 
was also found to have similar properties. The 
changes were induced even when the toxin was 
diluted 1: 500 (1-9 Lf./ml. of serum in the case of 
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Fig. 4 


TD-8/51). Pope’s toxin, when mixed with the serum, 
was also localized in the region of alpha-1 globulin 
(Fig. 3,C) but did not change the pattern. A striking 
example of this interaction of toxin with the serum 
proteins was obtained by mixing the toxins with a 
nephrotic serum (Fig. 3,H) in which the alpha-2 
globulin was markedly increased. The photograph 
shows that a significant portion of the alpha-2 
globulin was removed (Fig. 3H, F) by the toxins and 
shifted to the beta-globulin region, thus producing a 
heavy band. The distance between alpha-1 globulin 
and albumin was again increased. Here also the 
toxins were localized by flocculation in the alpha-1 
globulin region. 

The failure of Pope’s toxin to induce the change 
in serum protein pattern described for the other 
toxins is apparent by comparing pattern C with 
pattern D and G with H in Fig. 3. It is therefore 
concluded that substances missing in the preparations 
MS-605/7 and present in the other toxins are 
responsible for this change. The sole component of 
MS-605/7 in starch gel gave two flocculation lines by 
the immunoelectrophoretic technique, and this toxin 
must be regarded as much more purified than the 
others. 

More detailed information about the fractions 
involved in these changes was obtained by subjecting 
the mixtures to electrophoresis in starch gel*. A mix- 
ture of serum with toxoid was also included, in order 
to illustrate its effect on the serum protein pattern. 

Fig. 4 shows a photograph of a large gel in which 
the mixtures were applied side by side and subjected 
simultaneously to the same electrophoretic conditions. 
Disregarding the photographic blemishes, it is 
evident that Pope’s toxin induces no change in the 
main protein pattern. On the other hand, toxin 
T D-8/51 involves not only the subfractions of alpha-2 
and beta-globulins, but also gamma-globulin. A 
detailed discussion of these various interactions will 
be given at a later date. 

This work was supported by a Federal Public 
Health Grant. I am indebted to Dr. O. Smithies for 
the comparative experiment in the large gel and to 
Mr. C. Smith for the photographs. [Feb. 22 


1 Poulik, M. D., Can. J. Med. Sci., 80, 417 (1952). 

* Poulik, M. D., Can. J. Med. Sci., 31, 485 (1953). 

* Smithies, O., Biochem. J., 61, 629 (1955). 

‘ Lepow, I. H., and Pillemer, L., J. Immun., 69, 1 (1952). 
5 Pope, S. G., et al., Brit. J. Exp. Path., 32, 246 (1951). 

* Pope, S. G., Lancet, ii (Dec. 5, 1953). 

7 Poulik, M. D., and Pinteric, L., Nature, 176, 1226 (1955). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Metal Whiskers 


‘WHISKERS’ are small crystals which grow from 
the surface of several metals. It is believed that 
their structure is to an unusual degree free from 
imperfections'. Whisker growth from the free edges 
of tin plate is affected by stress in the tin, both 
growth-rate and whisker population being increased?. 
Hasiguti* has suggested that whisker growth is a 
means of reducing stress when general extrusion is 
inhibited. In the present work evidence has been 
obtained that extrusion must be obstructed if whiskers 
are to form. Thus on compressing a 3-mm. slab of an 
alloy containing small particles of tin dispersed in 
aluminium, profuse growth of whiskers occurred over 
the whole exposed tin surface (Fig. 1). 

Growth of a whisker ceases abruptly at a length 
independent of pressure*. It has now been observed 
that after a crop of whiskers has been wiped from 
the tin plate a further set will grow. After twelve 
cycles of growth and removal a few sources remained 
active, and some sources produced a total whisker 
length of about 1 cm. although individual whiskers 
were rarely as long as 1 mm. There was sometimes 
an ‘incubation period’ of a few days before growth 
recommenced on a source. 

When the sources in a surface had been exhausted, 
grinding away 20u from this surface made fresh 
growth possible. 

Near the melting point of tin, growth is more 
rapid and whiskers are longer (up to 5 mm.). 

Electron micrographs of carbon replicas of tin 
whiskers showed star-shaped cross-sections to occur 
in those of smaller diameters (Fig. 2). Thicker 
whiskers appear as bundles of thinner ones: using 
the optical microscope, striations along the length 
of some of these were seen and occasionally they 
branched toward their tip. 

It appears difficult to account for such properties 
as the abrupt termination of growth, a constant 
growth-rate and the reactivation of sources by a 
dislocation mechanism involving climb only. It is 
now proposed that whiskers are generated mainly 


Fig. 1. Tin whiskers growing from tin finely dispersed in alum- 
inium (approximately equal weights of each metal). Oblique 
view. (x 60) 
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Fig. 2. Electron micrograph of tin whisker. (x 20,000) 


by a glide mechanism; but that the frequency with 
which the whisker generating dislocations operates 
depends on diffusion: this will still give the linear 
relationship between growth-rate and pressure*®. This 
model will be discussed in detail elsewhere. 

I wish to thank Dr. G. A. Geach for suggesting 
this work and Dr. T. E. Allibone for permission to 
publish this communication. 

J. Franks 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berkshire. April 23. 


1 Herring, C., and Galt, J. K., Phys. Rev., 85, 1060 (1952). 

* Fisher, R. M., Darken, C. 8., and Carroll, K. G., Acta Met., 2, 370 
(1954). 

® Hasiguti, R. R., Acta Met., 3, 200 (1955). 


Microwave Detection of Metallic lons and 
Organic Radicals in Plant Materials 


In numerous plant substances we have detected 
strong electron-magnetic resonances from manganes 
ions (see Fig. 1, for example). The manganes: 
resonance can be immediately recognized by its six- 
line hyperfine structure resulting from the manganese 
nuclear interaction (spin 5/2). In all plant materials 
in which it was found, the multiple spacing was 
exactly that for manganese ions in aqueous solution 
(component separations of 95 gauss). Since the 
manganese multiplet spacing in crystals has been 
found to depend upon crystalline fields, we conclude 
that the manganese ions which we have found in 
plants may be dissolved in their water content. 

Note the single sharp line with g = 2-00 super- 
imposed on the manganese hyperfine structure for 
pine cone and pine needle in Fig. 1. In pine needles 
picked up from the ground, this single resonance 
appeared much stronger relative to the manganese 
resonance. Possibly its greater strength relative to 
the manganese structure came about because the falle: 
needles had lost some of their water content. We 
have observed similar resonances in fallen oak leaves, 
naturally dried ivy stems, and other apparently dead 
plant materials. 

The sharp single resonance observed in these 
experiments, which is apparently like that observe 
by Commoner, Townsend and Pake! in many 
lyophilized substances, may in some instances arise 
from bound or semi-bound oxygen. We have identi- 
fied a similar resonance* of bound oxygen in irradiated 
‘Teflon’; but for plants which generate oxygen, 4 
controlled experiment to test this hypothesis is more 
difficult. 

A third type of resonance we have observed in 
several plant materials is illustrated by Fig. 2. This 
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Kig. 1. Paramagnetic resonance of various plant materials at room 
temperature. The six equal components occurring for all have a 
total spread of 475 gauss (component-spacing 95 gauss). This 
sextet arises from manganese ions of the plant. The source of 
the additional resonance indicated by arrows is uncertain. It 
may arise from organic free radicals or from trapped oxygen. 
The curves were obtained with an Esterline-Angus recorder. 
Low-amplitude magnetic modulation of the absorption line was 
employed, synchronized with a phase-lock-in detector and 
amplifier. The curves do not represent the true line shape but 
approximately the first derivatives of the actual absorption curves. 
That for pine needles was obtained at 9 kMc./s., the other at 
23 kMe./s. The centre of the patterns (points indicated by the 
arrows) represents the position of the free electron spin resonance 


is a broad resonance with a g factor of 2-06. In the 
stems of oak leaves we found the manganese resonance 
superimposed on the broader resonance. In cotton 
leaves NO manganese resonance is evident. We are 
not yet certain of the origin of the broad resonance ; 
but we tentatively attribute it to cupric ions. The 
g factor of 2-06 is exactly that found by Ingram 
and Bennett* for the copper derivative of chlorophyll. 
We have found an identical resonance in a com- 
mercial sample of chlorophyll. We suggest that 
this resonance in the commercial sample, as well 
as the similar ones in Fig. 2, indicates an occasional 
substitution by certain plants of copper for mag- 
nesium in their chlorophyll. Such substitution may 
depend on many factors, such as the condition of soil 
and season. 

Our preliminary observations reported here were 
made at room temperature on materials simply taken 
from the plant, or the ground below, and placed 


Fig. 2. Paramagnetic resonance at 23 kMc./s. in certain plant 
materials. The curves were obtained as described for Fig. 1, 
except that the amplitude of modulation was increased, and the 
scale condensed favour detection of a broader resonance. 
The broad resonances here are believed to result from cupric 
ions in the plant. The g factor is 2:06. The structure super- 
imposed upon the broad resonance for oak leaves arises from 
manganese ions 
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directly in the absorption cell. Certainly at lower 
temperatures and perhaps at room temperature 
resonances of other metallic ions should be observable. 
The method should become a convenient tool for 
plant physiologists or agriculturists. 

This investigation is supported by the Office of 
Ordnance Research, Department of the Army, and 
by the Office of Scientific Research of the Air Research 
and Development Command, U.S. Air Force. 

Howarp SHIELDS 
Witiiam B. Arp 
WALTER GoRDY 
Department of Physics, 
Duke University, 
Durham, 
North Carolina. 
Feb. 23. 
' Commoner, B., Townsend, J., and Pake, G., Nature, 174, 689 (1954). 
8 Art. Sa Shields, H., and Gordy, W., J. Chem. Phys., 28, 1727 
8 Ingram, D. J. E., and Bennett, J. E., Discuss. Faraday Soc., April 
955. 


Structure of 3 : 4-Benzpyrene 


3:4-BENZPYRENE is one of the most potent 
carcinogenic compounds. It is the active cancer- 
producing agent in coal-tar and in the tars produced 
during the combustion of many organic materials. 
It crystallizes in two forms (a) monoclinic and 
(b) orthorhombic. The unit cells and space groups 
of both forms have already been determined!. (In 
this earlier work the compound was called 1: 2- 
benzpyrene; but the nomenclature was afterwards 
changed.) The monoclinic form has now been 
investigated in more detail. 

The structure was solved by a combination of the 
trial-and-error method with that of Fourier trans- 
forms. Two-dimensional Fourier syntheses were 
calculated on the following zones, (Okl), (hk0), (hOl) 
and (hkh). In addition, a bounded projection on 
(010) of 4 of the unit cell was calculated. The 
atomic co-ordinates were refined by successive F', 
syntheses followed by (F, — Fe) syntheses on the 
(Okl) and (hkh) zones. It is interesting to note that 
in the (0kl) zone where every atom is well resolved, 
the co-ordinates obtained by repeated (Fy, — F¢) 
synthesis refinement agreed very closely with those 
obtained by applying to the F, Fourier map the 
corrections given by the method used by Burns and 
Iball? for chrysene. In this latter method each 
electron-density peak position obtained from an F, 
synthesis is corrected for the effect of neighbouring 
peaks in the projection. 

The observed structure factors were obtained 
from equi-inclination Weissenberg photographs by 
eye-estimation of the intensities. The calculated 
structure factors were obtained by using the scattering 
curves of McWeeny® for carbon and hydrogen, with 
temperature factors (B) of 3-42 and 4-75 for carbon 
and hydrogen respectively. 

The crystal data are as follows: a = 4-535A., 
b = 20-40 A., c = 13-49 A., B = 97-0°; space group 
P2,/c; 4 mol. (C,>H,.) per unit cell, density ob- 
served = 1-351 gm./c.c., calculated = 1-352 gm./c.c. 

Fig. 1 shows the Fourier projection on the plane 
perpendicular to the a-axis. Only a few atoms are 
resolved in each of the other projections calculated. 

The following reliability indices (R = ae 

0 
indicate the agreement between the observed and 
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Fig. 1. Electron- density map of projection on plane perpendicular 


Contours at intervals of one electron per A.*; the 
one-electron contour is dotted 


0-12, R(hk0) 


to a-axis. 


calculated structure factors, R(Okl) = 
0:17, R(Akh) = 0-17. 

The position of the molecule in the unit cell can 
be given by stating the co-ordinates of atom S (Fig. 2), 
which are x/a = 0-200, y/b = —0-112, z/e = 0-268. 

The equation of the mean plane of the molecule is 

0-770 x — 0-602 y — 0-2222’ — 0-891 = ¢ 
where x’ is parallel to a, y is parallel to 6 and z’ is 
perpendicular to the plane (001). 

This molecule is not as planar as the molecules 
of some of the other condensed-ring hydrocarbons. 
The mean deviation of the carbon atoms from the 
above plane is 0-037 A. and the deviations of four 
atoms are rather larger than was expected. They 
are: M = 0-087A., R = — 0-067 A., Q = —0-067A. 
and £ = 0-101 A. 

The bond- lengths calculated from the 
co-ordinates are given in Fig. 2. There are two 
abnormally short bonds J.J and AR, and one very 
long one, RQ. It seems probable that the co- ordinates 
of atom R are in error and that this is the explanation 
of the abnormal bond-lengths AR and RQ. However, 
if the co-ordinates of atom R are 
changed, the agreement between cal- FR(hkl) 
culated and observed structure factors FT (hkl) 
is adversely affected. 

The investigation is being continued in an effort 
to determine the atomic co-ordinates more precisely. 
It is hoped to carry out three-dimensional calcula- 
tions, and in addition more accurate methods of 
measuring the intensities are to be used. Full details 
of the crystallographic analysis will be published later. 


latest 





: 4-benzpyrene (Cz9H,.) 


Fig. 2. Bond-lengths (A.) in 3 
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This work has been assisted by grants from the Roya] 
Society and the British Empire Cancer Campaign. 
J. [patu* 
D. W. Younc 
Carnegie Laboratory of Physics 
(University of St. Andrews), 
Queen’s College, 
Dundee. 
March 15. 


* British Empire Cancer Campaign Research Fellow. 
'Tball, J., Z. Krist., 94, 7 (1936). 

* Burns, D. M., and Iball, J., Acta Cryst., [9, 314 (1956)]. 
* MeWeeny, R., Acta Cryst., 4, 513 (1951). 


Anisotropic Temperature Factors in 
Cubic Crystals 


In recent structure analyses of crystals it has been 
found impossible to obtain reliable atomic co-ordinates 
unless allowance is made for anisotropic thermal 
vibration of the individual atoms!. It has, of course, 
long been known that different atoms have different 
amplitudes of vibration even in cubic structures®. 
Weiss, DeMarco, Weremchuk, Corliss and Hastings 
have recently reported that the Debye factors for 
the 222 and 400 reflexions from «-brass are different, 
and they have asked how this can be, since they 
interpret Ott’s theory‘ as implying that the Debye 
factor for reflexions from a cubic crystal should be 
independent of crystallographic direction. 

This is only true, however, if all atoms have similar 
thermal motions. It is not true in general: (1) if the 
amplitudes of vibration of different atoms are differ- 
ent; (2) if the amplitudes are anisotropic and the 
ellipsoids of thermal movement are differently, 
orientated for crystallographically different types of 
atom. 

Since BT = ()2/sin?0)In|F2/FT| (R = rest, 7 
given temperature), we may take | FR/F7| as a 
measure of the Debye temperature factor. We shall 
assume that the mean parameters of the atoms are 
the same for the structure at rest or in thermal! 
motion, and then, 


Zfrhkl) . exp 2ni(ha, + kyr + lz) 
Lf(hkl) . exp{— Bl sin*0/22 + Qi (hx, + ky, + Iz,)| 
Unless B,//*! is identical for all atoms, then in 
general this ratio will vary from one hkl to another. 
There will be different ratics even for different orders 
of reflexion from the same (hkl) and the ratio may 
sometimes be less than 1; that is, the structure 
factor may be greater at a high temperature than 
at a low one, and may change sign. There seems no 
reason, however, apart from extinction. dispersion and 
absorption effects, why the ratio F7(222)/F7(400) 
should vary with wave-length. 

It is easy to demonstrate this variation of tem- 
perature factor by numerical examples. Suppose 
there are six atoms A at + | 200, 020, 00a | and 
eight atoms B at + | yyy, y9¥, Gy¥, Fy | and that 
fa =fp for all values of sin6/2. 

(1) Let (Vu? = Vu? = Vuzt]y = 


= and 
10 


[Vu = V uy? = VuA)e = 50’ where a is the 
lattice parameter. (sin0/A) = 1/2a for.100, l/a for 


200, V/3/2a for 111. Suppose we take x = 1/3, y = 1/6: 
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2(2 + cos 2nx) + 8 cos 2ny = 1-12 
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FT(100) a 2(2 + cos 2nx) . exp (—2n?/100) + 8 cos 2ry . exp (— 272/400) 

FR(200) Sey _2(2 + cos 4rx) + 8 cos 4ny i 0-52 
FT(200) 2(2 + cos 4nx) . exp (—87?/100) + 8 cos 4ry . exp (—87?/400) ioe 
FR(111) 6 cos 2nx + ‘8 cos* 2ry > agg 
FT(111)  ~—- 6 cos 2nx . exp (—6n?/100) + 8 cos* 2ny . exp (— 672/400) _ 4 






(2) 2 atom A at x00 vibrate linearly along [100] 
with V ‘a? = a/10, Vuy 2. Vy, - = 0, and atom B 
at yyy vibrate linearly along [111] with Vu = a/10 
(atom B at y#% along [111], ete.), Then if x = 1/8, 
y 1/6 : 






























FR(100) _ 2(2 + cos 2nr) + 8cos2ry 1-01 
FT(100) ~—- {2 + exp (—2n*/100) . (cos 2xx)} + 8 cos 2ny . exp(—2n*/300) 

FR(200) _ 2(2 + cos4rx) + 8cos4zy 8 gg 

FT(200) 2{2 + exp (—8r*/100) (cos 4nx) } + 8 cos 4xy . exp (—8n*/300) 

FR(111) eg - as 6 cos 2nx + 8 cos® ree Pw : 
FT(111) 6 cos 2nx . exp (— 27/100) + 2 cos Gry . exp (—6r*/100) + 6 cos 2ny . exp (—27*/300) ~ 263 


Mr. R. E. Gilbert, in this laboratory, has made 
intensity measurements at different temperatures on 
hexamethylene tetramine, which are now being 
extended by Mrs. M. Canut, and these show the ex- 
pected variation of Debye factor with direction. 
Measurements on urea also show a wide variation, 
even in the {Ak0} zone. An analysis of the latter 
results is now in course of publication in Acta 
Crystallographica. 

KATHLEEN LONSDALE 
H. JupirH GRENVILLE-WELLS 


Department of Chemistry, 
University College, 
Gower Street, 
London, W.C.1. 
March 23. 


‘For example, Vaughan, 
(1952). Cruickshank, D. W. J 
7, 646 (1954). 
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* Weiss, R. J., DeMarco, J. J., Weremchuk, G., Corliss, L., and 
Hastings, J., Acta Cryst., 9, 1 (1956). 

‘Ott, H., Ann. Phys. Lpz., 23, 169 (1953). 


P., and Donohue, J., Acta Cryst., 5, 530 
., and Jeffrey, G. A., Acta Cryst., 





Adsorption of Carbon Dioxide at —79° C. 
on High-Silica Sands 


THE presence of an adsorptive layer on the surface 
of the grains of high-silica sands, postulated as a 
result of determinations of the amount of methylene 
blue adsorbed from aqueous solution', has been con- 
firmed by measurements of the adsorption of carbon 
dioxide at its vaporization temperature under 
atmospheric pressure. S-shaped isotherms were 
obtained, and the extent of the surface available to 
carbon dioxide molecules was calculated from the 
3runauer—Emmeit—Teller relationship?. These values 
were compared with the superficial surface areas 
determined by an air permeability method* or, for 
the finely powdered samples, by a light-extinction 
method‘, The two sets of figures are given in Table 1 
for three samples of silica and for four high-silica 
sands from the Lower Greensand exposure. 

After washing away the intergranular clayey 
material, all the sands were found to be coated to a 
greater or lesser extent with compounds of iron or 








aluminium or both, and the presence of a crust of 
highly ferruginous matter accounted for the large 
surface area found by carbon dioxide adsorption on the 
red sand from Redhill. However, after extraction with 
concentrated hydrochloric acid, the surface available 
to carbon dioxide molecules was still large compared 
with the superficial surface, and this was also true 
of the other sand samples after similar treatment, an 
observation which can only be explained by assuming 
that the silica surfaces were themselves considerably 
involuted. The ratio of the surface available to 
carbon dioxide to superficial surface was considerably 
less for the silica samples which had been subjected 
to crushing and grinding. It was further observed 
that these samples did not give rise to hysteresis 
effects in the gas adsorption experiments. (A sample 
of commercial silica gel gave a large hysteresis loop.) 

The action of hydrochloric acid on three of the 
sand samples referred to in Table 1 appeared to 
result in the removal of basic impurities from narrow 
capillaries in the silica surfaces. Thus two of the 
samples showed hysteresis only after acid extraction, 
and two showed a significant increase in surface 
available to carbon dioxide. All the sands except 
that from the King’s Lynn area took up less methylene 
blue from solution after acid extraction than pre- 
viously. The Lynn sand showed no significant 
change in adsorptive capacity. 

These observations seem to support the conclusion 
arrived at in a previous communication! that the 
silica surface uncovered by acid extraction is, in 


Table 1 





| 
| | Surface area (sq. cm./gm.) 








| Superficial By carbon di- | 
surface oxide adsorption 
i—. ee : 
Quartz cry: stals 105 300 
| Milled sand 2,700* 4,300 } 
| Crushed flint | 4,100* 17,000 | 
Red sand ex Redhill, Surrey “121 4,100 (H) | 
do. extracted with conc. HCl | 121 1,700 | 
| White sand ex Redhill | 216-4 700 | 
do. acid extracted 118 | 1,500 (H) | 
| Yellow sand ex King’s Lynn 1384 | 3,400 
do. acid extracted 137 3,200 (H) 
Yalow sand ex Leighton Buzzard | 4 4,100 (H) | 
| 4,900 (H) 


ee do. acid extracted | 61 


* Measured 4 by light extinction method. (A), isotherm showed 


hysteresis. 
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many sands, contained within narrow fissures and 
capillaries and is not, for example, accessible to 
molecules as large as those of methylene blue. At 
the same time, certain parts of the external silica 
surface are removed in the process of dissolution of 
neighbouring basic compounds, leading to a ‘smooth- 
ing out’. This latter assumption was supported by 
the discovery that the strongly acid extracts from 
the sands contained silica in solution in significant 
quantities. 

It is hoped that this work, which forms part of a 
general investigation of the surface properties of sands 
of industrial importance, will be more fully reported 
elsewhere. 

H. D. SEGROVE 
Research Laboratory, 
British Industrial Sand, Ltd., 
Holmethorpe, 
Redhill, Surrey. 
Jan. 6. 
1 Mitchell, G., Poole, P., and Segrove, H. D., Nature, 176, 1025 (1955). 
* Brunauer, S., Emmett, P. H., and Teiler, E., J. Amer. Chem. Soe., 
60, 309 (1938). 
* Lea, F. M., and Nurse, R. W., J. Soc. Chem. Indust., 58, 277 (1939). 


* Sharratt, E., van Someren, E. H. S., and Rollasen, E. C., J. Soc. 
Chem. Indust., 64, 73 (1945). 


Enrichment of Heavy Water by a Biological 
Method 


In all methods for the enrichment of heavy water, 
the first stage is always very expensive, and a slightly 
enriched feed water could mean a lot in the price of 
the final product. Some biochemical processes, such as 
the photosynthesis of Chlorella’, have been shown to 
give a small separation between light and heavy 
water. We have tried to investigate 
some further possibilities and measured 10 
the heavy-water content of water from 
some industrial biological and micro- 
biological processes. 

The greatest difficulty encountered in 
this type of problem is that industrial 
biological processes, for example, the 
growth of Penicillum chrysogenum in 
the production of penicillin, give a 
rather small volume reduction of the 
used water and can thus give only 
small enrichment factors. The most 
promising line of investigation seemed 
to us to be the first water percolation 
of barley in malt production, where the 
water uptake in the barley is a consider- 
able fraction of the total water amount. 

To ascertain the possibilities of the 
method, we have percolated barley 
with water in nine successive stages 
to get very great volume reductions. After every 
third percolation, the water was distilled to purify 
it from organic substances originating from the 
barley. Experiments were carried out with 
different proportions of barley and water, but other- 
wise under constant conditions as regards other 
relevant factors such as temperature, time of percola- 
tion, etc. The results are shown in Fig. 1 where 
enrichment factor « is shown as a function of the 
volume reduction ratio V,/V. The diagram shows 
that there is a great difference in the enrichment 
proceeding in the various cases. 

Lewis? has given the following relation for the 
separation factor s in the electrolysis of water : 
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Se = 2. Se (1) 


Nua Np 


where JN is the total number of isotopic nuclei ta cing 
part in the separation process, By introducing the 
initial volume V, and the end volume V in equation (1) 
we get, after some approximations : 


saan 


V 
In r — Ine 


The enrichment factor « is here defined as the ratio 
between the molar concentrations of heavy water 
in the volumes V and V, respectively. The straight 
line that can be drawn in Fig. 1 for each series of 
successive percolations indicates that this formula 
can be applied also in our case. Stockholm tap water 
has been assumed to have a heavy-water content of 
0-015 per cent w/w. The following values for s have 
been obtained : 
Barley weight 
Water weight 

0-30 

0-67 

1-33 

The isotope determinations have been made by 

means of infra-red spectrophotometry of the HDO 
absorption band? at 3-83. These measurements can 
be carried out with an accuracy of + 0-003 per cent 
on the absolute D,O percentage scale‘. The 
observations of s were also confirmed by repeating 
a short series of three percolations with a water 
containing 0-5 per cent heavy water and analysing 
for isotopic contents by means of precision pyckno- 
metry. 


10 
V/V 
Fig. 1 


The separation factors determined in this way seem 
surprisingly high for a biological method, and we 
cannot account for the variations in s with the 
barley—water ratio. One contributing factor may be 
the influence of the water contents in the barley. 

L. CaRLBOM N. N:ELSEN 
R. SkJOLDEBRAND 
AB Atomenergi, 
Department of Physics, 
Stockholm. 


Research Laboratory, 
AB Kabi, 
Stockholm. 


1 Augood, D. R., Indust. Chem., 585 (1954). 

* Lewis, G. N., and MacDonald, R. T., J. Chem. Phys., 1, 341 (193°). 
* Gaunt, J., Analyst, 79, 580 (1954). 

*Skjéldebrand, R., App. Sci. Res., B, 5, 401 (1955). 





T 
stea 
con’ 
a ki 
eng! 
valt 

men 
of c 
of s 
mor 
The 
also 
pacl 
bear 
Gi 
to fi 
soil 

pack 
neig! 
“i 
poin 
be ¢ 
to & 
that 
influ 
cond 
He 
nam 
phas 
be @ 
be 8 
from 





May 26, 1956 


Thermal Conductivity of Soil 


TuE flow of heat away from buried electric cables, 
steam pipes, ete., is directly proportional to the 
conductivity of the surrounding soil. It follows that 
a knowledge of soil conductivities is necessary to the 
engineer. Unfortunately, there are almost as many 
values of soil conductivity as there have been experi- 
menters in this field. Austin! suggests that the lack 
of consistency has been inevitable due to the lack 
of standardization of apparatus and probably even 
more so to the loose specification of the soil sample. 
The composition of soil varies enormously, and so 
also does the water content and the tightness of the 
packing, yet these quantities must have an immediate 
bearing upon the value of the conductivity. 

Gemant* has made a very interesting calculation 
to find the thermal resistivity of soil. The 
soil is assumed to consist of uniformly 
packed spheres each of which touches six 
neighbouring spheres. The statement is made : 
“If the spheres were to touch at a geometric 
point only the resistivity of dry soil would 
be close to that of air...’ I am unable 
to accept this statement, which amounts to saying 
that the conductivity of a cube of air is not greatly 
influenced by the insertion into the cube of a spherical 
conductor. 

However, the cube will now contain two phases, 
namely, the solid soil phase and the surrounding air 
phase. The conductances of these two phases must 
be added to yield the total conductance, and it will 
be shown that the conductivity is quite different 
from that of air. 

Let O be the centre of a hemisphere of solid of 
radius a. At a height z above the XOY plane, that 
is, at the section PQ, the radius of the solid phase is 
given by +/a* — 2%. 

It follows that the area of the solid phase section 
is x(a? — z*) and that the area of the air phase section 
is 4a? — x(a? — 2%). 

Consider now the thermal resistance of each phase 
in turn, taking each time a ‘slice’ of thickness Az: 
Az 


k, m(a* — 2*) 
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Thermal resistance of solid slice = 
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Az 
kq 4a* — r(a* —2*)} 
The thermal resistance of the two parallel phases is 
obtained by adding together the reciprocals of these 
two expressions and then taking the inverse of this 
sum. The resulting expression when integrated 
between the limits z = 0 and z = a will yield the 
total resistance to heat flow of the half cube. Thus, 


thermal resistance is 4 s ds 
z=0 4kga* + (a? — 2*) (ks — kg) 
The thermal resistivity is now obtained by equating 
the radius of the spherical particle to unity and by 
multiplying the integral by 4, the area of the base of 
the half cube. 
Hence, thermal resistivity of the composite is : 


afi + 


ior 

Pt 1 
in which ks > kg. Taking ks = 0-010 cal. cm.-! sec.-} 
deg. C.-1 (suggested by Gemant) and kg = 0-00006 cal. 
cm.-! sec.~! deg. C.-1 (Kaye and Laby give k for air at 
0°C. = 0-577 x 10-‘), this formula gives a value for 
the resistivity of the air —solid composite equal to 
400 em.-deg. C./calorie. 

The conductivity of dry soil is therefore 0-0025 
cal. cm.-! sec.-? deg. C.-1. 

The observed conductivity of dry soil is, however, 
only one-third of this value (Jakob quotes a value 
of 0-0008); this wide discrepancy must be due to 
the initial assumption made both by Gemant and 
me, namely, that the particles are ideally packed 
spheres. I am aware that the heat flow is facilitated 
by convection and radiation in the air phase and 
that this will also have some influence on the thermal 
‘conductivity’ of soil. 





Thermal resistance of air slice = 





ee 

tke — ka) 
tke 

m(ks -- ka) 


4 +1 
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JOHN WEBB 


College of Technology, 
Belfast. 
Feb. 16. 
? Austin, Symposium on Thermal Insulating’ Materials, Amer. Soc. 
for Testing Materials (1939). 
? Gemant, J. App. Phys., 21 (Aug. 1950). 
3 Jakob, ‘‘Heat Transfer’ (Wiley). 


Flash Photolysis of Rhodopsin in the Retina 


Ir has long been suspected that the ability of 
rhodopsin to sensitize vertebrate retinal rods to 
visible light depends in some way upon the rapid 
and conspicuous fading which the purple photo- 
pigment undergoes when it is illuminated!. If so, 
some part of the bleaching process that is undergone 
by photochemically excited rhodopsin molecules 
must be very rapid, for vertebrate eyes respond very 
quickly to flashes of light. Indirect evidence for the 
existence of fast reactions in the bleaching of rhodop- 
sin has been provided by Wald, Durell and St. George?, 
who found that two successive unstable intermediates, 
lumi- and meta-rhodopsin, were formed when dry 
gelatin films or frozen solutions containing extracted 
rhodopsin were illuminated and examined spectro- 
photometrically. These authors suggested a scheme 
for the photochemical decomposition of rhodopsin 
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+hyr (Thermal) 
Rhodopsin == lumi-rhodopsin ==> 


(1) (2) (3) 


(Thermal) 


Fig. 1. Scheme proposed by Wald, Durell and St. George for the early stages in 


the photolysis of rhodopsin 


shown in Fig. 1, in which they believed that all 
reactions except (3) would be fast enough in vivo to 
be — to play some part in the excitation of living 
rods. 

A search for the reactions of Fig. 1 and measure- 
ment of their rates under conditions in which the 
eye usually functions seemed desirable, and this com- 
munication reports a study of the decay of a sub- 
stance resembling meta-rhodopsin, produced by 
flash photolysis in intact visual rods. 

Dark-adapted eyes were excised from freshly killed 
albino rabbits and quickly mounted in an air- 
saturated bath of neutral Locke’s solution. A weak 
beam of steady monochromatic light was passed 
through the pupil to illuminate a small area of fundus. 
Light scattered back from the sclera through the 
rhodopsin-filled retina and the pupil was collected by 
an ophthalmoscopic arrangement and directed upon 
the cathode of a photomultiplier, the output of which 
was displayed oscillographically. At chosen intervals, 
bright 20-usec. flashes from a xenon-filled discharge 
tube were focused upon the exterior surface of the 
translucent sclera overlying the area of retina being 
studied. The photochemical effects of the flashes 
upon the light-absorbing materials in the retina were 
determined by calculating the ‘retinal density’ D, of 
the fundus from the oscillographic measurements of 
fundal reflectivity r by the formula D; = — log,97/ro, 
where r, is the reflectivity of a fully bleached fundus. 
Thus D, increases with rising optical extinction of 
the light-absorbing layers of the retina. 


— 


A 
3 B 
© 


AR 1 
AWWA 


Fig. 2. (A) Reflectivity of a fundus at 486 my; flash at arrow. 

(B) Reflectivity of a fundus at 400 my; flash at arrow. 

Ordinates: Change in reflexion density (logy, r/r.). Abscissa: 
time. (C) Time calibration, 200/sec. 
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Curve A of Fig. 2 shows the offect 
of a flash upon the ‘reflexion density’ 
of a dark-adapted fundus at 12°¢, 
measured in light of wave-length 486 my. 
The oscillograph sweep began ai the 
level corresponding to unbleached rho- 
dopsin. At the arrow, a flash was delivered, with 
the result that the retinal density rose suddenly 
by a small amount and then fell exponentially 
to a lower level with a half-time of about 20 m.sec, 
Curve B shows an identical experiment except that 
the measuring light is of wave-length 400 mp. Here 
the flash produced no obvious immediate change, 
except for a large electrical artefact ; but the retinal 
density afterwards rose, again exponentially with a 
half-time of 20 m.sec. 

At higher temperatures, the rate of the exponential 
reaction increases rapidly until at 26°C. it is half- 
complete in 1 m.sec. and becomes difficult to measure 
accurately. The rate-constant follows Arrhenius’s 
law with an apparent heat of activation of 27 kcal. 
mole, so that at 37° C. it should have a half-time of 
about 120 psec. 

The identity of the substance which fades ex- 
ponentially is not certain ; but its absorption spectrum 
has been estimated by measuring the immediate 
changes in retinal density produced by flashes in a 
series of experiments using measuring lights of 
several wave-lengths. The results of such measure- 
ments are compatible with its being either lumi- or 
meta-rhodopsin. However, the exponential fading 
reaction with the production of material which 
absorbs strongly at 400 my is strongly suggestive of 
the conversion of meta-rhodopsin to retinene-protein. 

The earliest known response of the rabbit’s eye to 
a flash of light is the electroretinogram, which has a 
latency (in my measurements) of about 35 m.sec. at 
26° C. and 20 m.sec. at 37°C. It seems clear, there- 
fore, that the fast phases of the breakdown of excited 
rhodopsin molecules to retinene-protein are complete 
long before any electrical responses of the retina to 
a flash can be detected. Thus it is possible that any 
of the reactions of Fig. 1 may participate in the 
processes of visual excitation, though, of course, none 
of them need necessarily do so. 

A detailed account of these experiments is in 
preparation. The financial support of the U.S. 
National Science Foundation and the Fulbright 
Commission is gratefully acknowledged. 

W. A. Haars 

Physiological Laboratory, 

Cambridge. Jan. 3. 
1 Kiihne, W., “Hermann’s Handbuch d. Physiol.”, 3, 235 (Vogel, 
Leipzig, 1879). 
2 Wald, G, Durell, J., and St. George, R. C. C., Science, 111, 179 
(1950). 


Relationship between Air Concentration 
of Radioactive Fission Products and 
Fallout 


PrerHars the simplest and most widely used 
methods for the evaluation of the long-range hazar« 
due to atmospheric radioactivity and fallout are the 
air-filter and gummed-paper techniques, respectively. 
Since effects associated with meteorological factors. 
especially rain, make it difficult to predict the per- 
formance of one method relative to the other, we 
believe that an experimental comparison which was 
made at the time of the ‘Teapot’ tests may be of 
interest. 
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hl, Ge REC iTS CE a Table 1,.the observed rates of fall- 

a | aaa 7y mF ie ke - te oe 4 out varied from 0-7 to 400 x 10? ft. 
bir thew $$ Ler Mu uate, bil rill aL per day. The average for these one- 

| ae week collections over a five-month 
period was 43 x 10° ft. per day. 
The fallout rates obtained from 
tabulation of the daily readings are 
shown in Table 2 for each month 
for the period December 1954—May 
1955. In this case the average rate 
of fall was 2-7 x 10? ft. per day for 
days without rain, and for rainy 
days, 30 x 10° ft. per day. Non- 
homogeneity in the atmospheric 
concentration resulted in extremely 
high rates of fallout in some in- 
stances, when radioactivity appar- 
ently was rained out of high-level 
clouds from recent atomic tests. In 
other cases, rain caused a propor- 
tionately larger increase in the air 
concentration than in the fallout. 
It will be observed that fallout in a 
single week amounted to 65 per 
cent of the total for the whole 
period of the measurements. 

There appears to be little basis 
for the correlation of individual 
daily measurements of the air con- 
centration of atomic bomb debris 
and fallout of this material on the 
ground. The extent to which the 
average rates of fallout can be used 
to determine the long-term deposi- 
tion is not clear. Undoubtedly, the 
distance from the tests at which 





GUMMED PAPER 


° 


NS /MINUTE FT?) 





DONA 
"plead Ud 





( DISINTEGRATI 


§ 





NY 





YD MOI 


FILTER CQLLECTOR 





1 








3 
1 


~ 
\\ WWE BS ver 


XE 
port 


AW 


Ss 
Sou 
SSS 


WN 


UY 


pail 
ra) 
AIR FILTER COLLECTIONS ( DISINTEGRATIONS / MINUTE FT3) 


SS 


ASREAAANVOMI6 


it 





AWWA 





AAW 
SEOARNAH 


7 6 
SpeceMBER JANUARY FEBRUARY MARCH 
1954 1955 


Fig.-1. Comparison of daily concentrations of fission products collected by gummed 


paper and air filter 


The daily atmospheric concentration and fallout 
of radioactivity due to fission products was measured 
at Washington, D.C., during December 1954—May 
1955. Daily values of the fission product concentra- 
tion per unit volume of air were obtained from filter 
collections (Blifford, I. H., Friedman, H., Lockhart, 
L. B., and Baus, R. A., to be published), using the 
apparent rate of decay to distinguish between natural 
thorium B and fission products. Simultaneous 
measurements of fallout were made using the standard 
gummed-paper methods developed by the Weather 
Bureau and the Atomic Energy Commission!. The 
deposited radioactivity per unit area was found from 
the counting-rate of the ignited residue of the gummed 
papers. In addition, weekly filter collections were 
assayed by allowing the short-lived natural products 
to decay and then counting the ashed residue. 

Results are shown in Fig. 1, where the right-hand 
ordinate shows atmospheric concentration in dis- 
integrations per min. per cu. ft. and the left-hand 
ordinate shows daily deposited activity in dis- 
integrations per min. per sq. ft. Rainfall is shown 
at the top of the figure. The figure shows that the 
deposited activity usually increases with rain or 
snow. This seems to be true for recent material from 
the ‘Teapot’ tests as well as for old fission products 
collected between December 1954 and February 22, 
1955. 

The ratio of the fallout activity per unit area per 
day to the activity per unit volume has the dimen- 
sions of velocity. The expression ‘rate of fallout’ 
is used in this discussion as a convenient means for 
comparing these quantities. As may be seen in 


measurements are made, particle 
size, the frequency of rainfall, 
efficiency of rainfall in washing the atmosphere, 
and height of rainfall are important factors. Although 


COMPARISON OF COLLECTION OF RADIOACTIVITY BY GUMMED 
PAPER AND FILTRATION TECHNIQUES 


Table 1. 





Rate of fall 
(ft./day) 


Date of 
collection 


Filter Gummed paper 
(disinteg./min. | (disinteg./min. 
ft.*) t.? day) 
21/2-238/2/55 
28/2-7/3 
7/3-14/3 
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Table 2. E¥FFect OF RAIN ON APPARENT RATES OF FALIOUT 





Rate of 
fallout with 


rain 
(ft./day) 


1-4x10* 
1-2 
3-7 
52 
50 
133 


12 


30 


Rate of 
fallout with- 
out rain 

(ft./day) 


Dec. 1954 ‘ 1-0 x 10° 
| Jan. 1955 | 0: 
| Feb. (before tests) ¢ 1 
(after tests) 2 9° 
March | 2 2 
April : 3 
May : | 0- 
2 e 


No. of 


Month rains 


No. of 
tests | 
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it does not have the usual physical significance as 

applied to falling particles in air, the concept of 

rate of fallout may be useful in correlating the 

concentration of activity in the air with the deposition. 
I. H. Burrrorp, Jun. 
L. B. LockHart, JUN. 
R. A. Baus 

U.S. Naval Research Laboratory, 

Washington 25, D.C. 
March 14. 
1 Einsenbud, M., and Harley, J. H., Science, 121, 677 (1955). 


Determination of the Rate of Initiation 
in Vinyl Polymerization 


WE have recently studied the polymerization of a 
number of vinyl monomers in essentially non-aqueous 
media in the presence of ferric chloride. There appear 
to be no data in the literature on the behaviour of 
such systems, and since the work provides important 
information about some aspects of the polymerization, 
we wish to report the main results here. In particular, 
they enable the rate of initiation to be determined 
simply and accurately. 

When acrylonitrile in NN-dimethylformamide solu- 
tion is polymerized with azobisisobutyronitrile as 
catalyst in the presence of hydrated ferric chloride, 
a ferrous salt is formed which may be estimated 
accurately by titration with ceric sulphate. It is found 
that for given monomer and catalyst concentrations 
the rate of formation of ferrous ion is practically 
independent of the initial ferric ion concentration 
over a wide range of values of the latter. This is 
shown by the results in Table 1, which refer to initial 
catalyst and monomer concentrations of 9-63 x 10-3 
mole 1.-? and 3-76 mole 1.-! respectively at 60°C. In 
the absence of catalyst no ferrous ion can be de- 
tected, and no polymerization occurs. Further, 
ferrous salts have no effect on the polymerization. 
These results would follow if each chain started by 
the catalyst were terminated by reaction with ferric 
chloride, with formation of a ferrous salt. In this 
case it is easily shown that the rate of reaction is 
given by 

dt ks [FeCl,] (1) 
where [M] is the monomer concentration, I the rate 
of initiation and k,, k, the velocity coefficients for 
chain growth and termination by ferric chloride 
respectively. By analogy with its behaviour in other 
organic solvents, ferric chloride is considered to exist 
in NN-dimethylformamide solution as FeCl, mole- 
cules. Fig. 1 shows that the results are in fact con- 
sistent with equation (1), a linear plot being obtained 
when the rate is plotted against [M]/[FeCl,] for 
constant concentration of catalyst. The degrees of 
polymerization obtained in these experiments were 
very much lower than those corresponding to bi- 
molecular termination, indicating the virtual absence 
of the latter. In further accord with the proposed 











Table 1 
107 d[Fe++*] 
10*{FeCl,], initial dt 105k: 
(mole 1.~*) (mole 1.-* sec.—*) (sec.~*) 

0-435 1-70 0-92 
0-870 1-70 0 
1°31 1-68 0-91 
2-18 1-68 0-91 
4-35 1-68 0-91 
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Fig. 1. Dependence of the rate of polymerization on concentration 
of ferric chloride. Acrylonitrile 2-51 mole 1.-? in NN-dimethy)- 
formamide, azobisisobutyronitrile 1-14 x 10-* mole 1.-*; 60°C. 


mechanism, we find that the rate of polymerization 
at constant initial concentrations of monomer and 
ferric chloride shows first-order dependence on the 
catalyst concentration. 

These results show that the reactions occurring may 
be summarized by the simple equation (2) : 


Cl 


: ks | 
“ACH,—CHCN +FeCl, > Y~ CH,CHCN +FeCl, (2) 


Since the state of the ferric ion in these systems is 
uncertain, the mechanism of this reaction is not 
clear ; we believe, however, that an electron transfer 
between the acrylonitrile radicals and ferric ion is 
involved. It is interesting to compare these results 
with those reported for aqueous systems. They are 
in the opposite sense to the observations on acr~lo- 
nitrile mentioned by Dainton’, but appear to resemble 
those on acrylamide and ferric salts?. Results recently 
described by Haines and Waters* for non-polymeric 
radicals with structure analogous to that of poly- 
acrylonitrile radicals are in qualitative agreement 
with our experiments. 

On the basis of this reaction scheme, the value of 
d[{Fe+*]/dt gives at once the rate of initiation, and 
from this the rate constant kj for the decomposition 
of the catalyst into useful radicals may be derived, 
1 d{Fe**] 
2G dt 
tration of catalyst, which in the experiments of 
Table 1 is only about 4 per cent different from the 
initial value. Values of k; are given in Table 1. 

The slope of the line in Fig. 1 is 6-5 x 10-* mole !.-! 
sec.-1, and since I (= 2k,C) is known, we find that 
kjk; = 0-31, and if k, = 100 mole- 1. sec.-'4, 
k, = 323 mole- 1. sec.-?. It follows that if the bi- 
molecular termination coefficient for acrylonitrile 
radicals is 10° mole-! 1. sec.-!, this type of termination 
will be unimportant for concentrations of radicals less 
than about 1-2 x 10-? mole 1.-! for a concentration 
of ferric chloride of 4 x 10-* mole 1.-!. This is approx- 
imately equal to the maximum concentration of 
radicals in our experiments. 

It might be expected that the rate of reaction (2) 
would depend on the electron-donating properties of 
the polymeric radicals. Acrylonitrile radicals are 


since kj = , C being the mean concen- 
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Fig. 2. Induction periods in the polymerization of styrene 
(2°49 mole 1.) in methyl ethyl ketone at 60° C. Azobisisobutyro- 
nitrile 6-92 x 10-* mole 1.-*. Ferric chloride concentrations 
(mole 1.~*) : (a) 0, (6) 2°65 x 107%, (c) 7-95 x 10-*, (d) 13-25 x 107° 


among the least effective and styrene radicals among 
the most effective in this respect. In agreement 
with this we find that while ferric salts are, as shown 
above, retarders of the polymerization of acrylonitrile, 
they are strong inhibitors of the catalysed poly- 
merization of styrene in solution in methyl ethyl 
ketone or NN-dimethylformamide, and give rise to 
well-defined induction periods. Some typical results 
are given in Fig. 2. The length of the induction period 
is directly proportional to the initial value of [Fet++] 
and inversely proportional to the concentration of 
catalyst, and from it the rate of chain-starting may 
be calculated. The values of k; obtained are 
0-74 x 10-5 sec.-! (methyl ethyl ketone) and 0-67 x 
10-* sec.-! (NN-dimethylformamide). 

If the rate constant for the decomposition of the 
catalyst at 60° is taken as 1-2 x 10-5 sec.-}, the 
efficiency of initiation is 0-62 and 0-56 respectively 
for the two solvents. This is in excellent agreement 
with results for styrene in benzene obtained by 
Bevington® using a tracer technique. 


C. H. Bamrorp 
A. D. JENKINS 
R. JOHNSTON 
Research Laboratory, 
Courtaulds, Limited, 
Maidenhead, Berks. 
March 14. 


'Dainton, F. 8., Disc. Farad. Soc., No. 14, 235 (1958). 

'See Dainton, F. S8., Special Publications of the Chemical Society, 
No. 1, 18 (1954). 

* Haines, R. M., and Waters, W. A., J. Chem. Soc., 4256 (1955). 

‘ Bewiees; C. H., and Jenkins, A. D., Proc. Roy. Soc., A, 228, 220 

* Bevington, J. C., Trans. Farad. Soc., 51, 1392 (1955). 


Nucleic Acid Content and Distribution of 
Chromosome Number in Original and 
Sublines of Two Mouse Ascites Tumours 


Korrowsk!! has described the adaptation of the 
6C3HED lymphosarcoma*, an ascites tumour 
lethal to C3H mice and to F, hybrids between the 
original strain and A or DBA mice, to @ strain of 
Swiss mice. Two sublines, designated C3H + and F,, 
were obtained by injecting embryos of the ICR 
(Institute for Cancer Research, Philadelphia, Pa.) 
Swiss mice in utero with blood of either C3H mice 
or (C3H x DBA) F;, hybrids, followed six to eight 
weeks after birth by the intraperitoneal implantation 
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with cells of the 6C3HED ascites tumour. A third 
subline, No. 123, was established by injecting JCR mice 
in the embryonic stage directly with tumour cells 
followed by the intraperitoneal implantation into 
adult ICR mice of suspensions of the palpable tumours 
which developed in the subcutaneous tissue of the 
neck of mice that had been inoculated in utero. 

More recently, Koprowski (unpublished results) 
has established—again employing the technique of 
implantation of tumour cells in embryos—a Swiss 
mouse (ICR strain)-adapted subline derived from the 
strain-specific DBA lymphoma ascites tumour. 

As part of a programme to investigate biochemical 
differences resulting from this breaking of the strain 
barrier, the nucleic acids of the original 6C3HED 
and DBA ascites tumours have been compared with 
those of the Swiss mouse-adapted sublines. C3H 
or F, mice bearing the original 6C3HED ascites 
tumour, DBA mice bearing the original DBA 
lymphoma ascites tumour, and ICR mice bearing the 
derivative 6C3HED or DBA sublines of ascites 
tumours, were killed on the seventh to tenth day 
after tumour implantation, and the ascitic fluids 
aspirated. Tumour cells were sedimented by centri- 
fugation, washed several times in isotonic saline and 
finally suspended in isotonic saline and enumerated. 
Mixed nucleic acids were separated by the method 
of Schneider*. Aliquots of the cell suspensions were 
extracted with the following reagents in the order 
listed: cold 10 per cent trichloroacetic acid, cold 
ethanol, boiling 3:1 ethanol-ether, and hot 5 per 
cent trichloroacetic acid. Ribo- and deoxyribo- 
nucleic acids were estimated in aliquots of the hot 
5 per cent trichloroacetic acid extracts by the orcinol 
and diphenylamine reactions respectively (see Table 1). 

That marked changes occur in the quantity of 
cellular nucleic acids as a. result of the adaptation 
of the strain-specific ascites tumours to the Swiss 
mouse is evident. Cells of the three derivative sub- 
lines of 6C3HED showed an increase of 30—40 per 
cent in cellular deoxyribonucleic acid, and an increase 
of approximately 100 per cent in cellular ribonucleic 
acid over the original tumour line. Cells of the Swiss 
mouse-adapted subline of the DBA lymphoma 
ascites exhibited increases of approximately 100 and 
300 per cent in the quantities of cellular deoxyribo- 
and ribo-nucleic acids respectively over the original 
line. 

The results of a study of the distribution of 
chromosome number for the 6C3HED ascites tumour 
(grown in C3H mice), the DBA lymphoma ascites 
tumour (grown in DBA mice), and for their Swiss 
mouse-adapted sublines are summarized in Table 1. 
The original 6C3HEHD tumour exhibited a hypo- 
diploid mode in chromosome number, whereas the 
original DBA ascites tumour was characterized by 
a diploid mode. Levan and Hauschka‘ have reported 
that both these tumours possess modal values at or 
near diploid. Of the three Swiss mouse-adapted 
sublines of the 6C3HED ascites tumour, two (sublines 
F', and No. 123) revealed hyperdiploid modal values, 
whereas the third (subline C3H-+) is characterized 
by a diploid mode in chromosome number. A tetra- 
ploid mode prevails in the ICR subline of the DBA 
lymphoma ascites tumour. 

Leuchtenberger e¢ al.5 have shown that, for the 
Ehrlich ascites and DBA lymphoma ascites tumours, 
the estimation of nucleic acids in isolated nuclei by 
ultra-violet microspectrophotometry or by chemical 
analysis is in good agreement with the chromosome 
counts of Levan and Hauschka*»*. In general, the 





994 


results presented here provide further evidence of a 
relationship between chromosome number and cellular 
deoxyribonucleic acid. Within each of the two groups 
studied (the 6C3HED tumour with its three sublines 
and the DBA ascites tumour with its Swiss mouse- 
adapted subline), a striking correlation between 
chromosome number and cellular deoxyribonucleic 
acid is seen. The original 6C3HED and DBA 
tumours, which contain essentially identical quantities 
of deoxyribonucleic acid, possess slightly different 
modal values. 


NATURE 


May 26, 1956 vo. 17, 


Immunological Studies with Protein 
Fractions isclated from Ehrlich Ascites 
Carcinoma Cells 


THE oncolytic action of Bunyamwera virus on the 
cells of the Ehrlich ascites carcinoma has been 
described by Koprowska and Koprowski’, and the 
cytological and morphological changes induced by 
virus infection have been reported by Love, Koprow. 
ski and Cox*. During the past three years we have 
studied the effects of infection with Bunyamwera 



































Table 1. NUCLEIC ACIDS, CHROMOSOMES AND CELL VOLUMES OF THE 6C3HED LYMPHOSARCOMA AND DBA LYMPHOMA ASCITES TUMOURS 4xp 
THEIR SWISS MOUSE-ADAPTED SUBLINES 
, Chromatogram = cent cells) 
Tumour y DNA-P/Cell y RNA-P/Cell RNA/DNA Mode Below At Above Cell volum: 
(x 10-*) (x 10°) mode mode mode (cubic microns) 
|; — —— —~——!---—— —  4-— —— “ 
6C3HED—Original 0-811 + 0-061* | 0-809 + 0-089 0-995 + 0-052 30 25 31 44 462 
6C3HED—Subline F, 1-112 + 0-149 1-638 + 0-162 1-487 + 0-139 45 42 39 19 610 
6C3HED—Subline No. 123} 1-119 = ~ 0-155 1-665 + 0-191 1-497 + 0-106 45 22 40 338 651 
6C3HED—Subline C3H + 1-068 + 0- 120 1-583 + 0-135 | 1-492 + 0-094 40 19 41 40 492 
DBA—Original 0-805 + 0-057 0-680 + 0-044 0-847 + 0-014 40 21 39 40 272 
DBA—ICR line 1-777 + 0- 180 2-924 + 0-150 1-666 + 0-130 380 31 23 46 1,215 
* Standard error of the mean, calculated from o = +/ 2(z*)/N, where z is the deviation from the mean, and N the number of estimations 


performed. 


Cell volumes have been estimated and the values 
are listed in Table 1. Although adaptation of each 
of the two strain-specific tumours to the Swiss mouse 
is accompanied by an increase in the size of the 
tumour cells, there appears to be no strict relation- 
ship between cell volume and the quantity of either 
of the cellular nucleic acids. In the case of the 
6C3HED sublines F, and No. 123, the increase in 
cell volume (32 and 41 per cent respectively) corre- 
sponds closely to the increase of 37 per cent in cellular 
deoxyribonucleic acid. However, the relationship 
does not hold for subline C3H+. Im the second 
(DBA) group of tumours, a close correlation exists 
between the increase in cell volume (347 per cent) 
and the increase in ribonucleic acid (330 per cent) 
which followed adaptation to the ICR strain of 
Swiss mice. 

The striking differences in susceptibility to virus 
infection between the main line 6C3HED and its 
derivative tumours have been described’. It is 
tempting to speculate that the susceptibility of the 
ICR-adapted sublines to the oncolytic action of 
Mengo and Bunyamwera viruses is related to the 
marked alterations in cellular nucleic acids described. 
In any event, the system would appear to be an 
excellent one for studies of the requirements for 
virus reproduction, and for investigations into the 
relationships between cellular nucleic acids and the 
metabolic activities of the cells. 

Joun 8S. CoLTER 
Harris H. Birp 
H:itarRy KopProwsk! 
Hitpa B. Rirrer 
Viral and Rickettsial Section, 
Research Division, 
American Cyanamid Co., 
Lederle Laboratories, 
Pearl River, New York. 
Jan. 4. 


1 Koprowski, H., Nature, 175, 1087 (1955). 

* Gardner, W. U., Kirschbaum, A., and Strong, L. C., Arch. Path., 
29, 1 (1940). 

* Schneider, W. C., J. Biol. Chem., 161, 293 (1945). 

* Levan, A., and Hauschka, T. S., J. Nat. Cancer Inst., 14, 1 (1953). 

s —— C., Klein, G., and Klein, E., Cancer Res., 12, 480 
(1952). 


* Hauschka, T. S., and Levan, A., Anat. Rec., 111, 467 (1951). 


virus on many of the biochemical characteristics and 


metabolic activities of Ehrlich ascites cells. Results 
will be reported elsewhere. 
Attempts to demonstrate the immunological 


capacity of certain of the tumour cell proteins and 
possible changes resulting from virus infection of 
the cells will be described here. Protein fractions, 
isolated both from uninfected and Bunyamwera 
virus-infected Ehrlich ascites tumour cells, were 
injected intravenously into rabbits, with the hope 
that one antiserum or more would be produced 
capable of interfering with the growth of the tumour 
in mice. It is pertinent to mention here the work 
of Werder and co-workers* on the inactivation of 
mouse leukemic cells by rabbit leukemic tissue 
antiserum, and of Nungester and Fisher*, who 
demonstrated the inhibition of lymphosarcoma 
6C3HED by antibodies produced in the rabbit 
against a fraction isolated from the tumour. 

Cells were obtained from Ehrlich ascites tumours 
grown in Swiss mice. Ascitic fluids were collected 
by aspiration from the peritoneal cavity on the ninth 
or tenth day of tumour growth ; and virus infection 
of cells was accomplished by the intraperitoneal 
injection, 72 hr. before harvest, of Bunyamwera- 
infected mouse brain. Cells were freed of erythro- 
cytes by washing in-isotonic sodium chloride solution 
as described by McKee‘, after which they were trans- 
ferred to a mortar set in an alcohol — ‘dry ice’ bath 
and ground to a fine, homogeneous powder. 

Nuclei were separated from a suspension of the 
ground cells in isotonic sodium chloride—0-001 M 
sodium citrate solution of pH 7-0 by low-speed 
centrifugation, washed several times in saline-citrate, 
and deoxyribonucleoprotein isolated therefrom by @ 
technique derived from the methods of Stern e¢ al.° 
and Gajdusek’. In brief, this consisted of extraction 
of the protein by prolonged shaking of the nuclei 
with distilled water, followed by its precipitation 
from the extract at isotonic sodium chloride con- 
centration. Further purification was effected by 
subjecting the protein to several additional cycles 
of dissolution in distilled water and precipitation at 
0-14 M sodium chloride concentration. 

Ribonucleoprotein was isolated from the cyto- 
plasmic extract remaining after the separation of the 
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nuclei according to the method of Mirsky and 
Pollister’. A third fraction, consisting of cytoplasmic 
protein and designated here ‘soluble protein’, was 
obtained by the dialysis and lyophilization of the 
cytoplasmic extract after the removal of the nucleo- 
protein. 

Antisera were prepared by the intravenous in- 
jection into rabbits of solutions of each of the follow- 
ing: deoxyribonucleic acid, ribonucleic acid and 
soluble protein isolated from uninfected Ehrlich 
cells, and the same fractions derived from virus- 
infected cells. Each rabbit received 2 ml. containing 
10 mgm. protein/ml. twice weekly for a total of 
eight injections. One week after the final injection, 
the rabbits were anesthetized and bled by cardiac 
puncture. The sera were separated, sterilized by 
filtration, and stored at — 39°C. 

The antisera were tested for their ability to inhibit 
the growth of the Ehrlich ascites tumour in mice in 
the following manner. The cell concentration in a 
pool of ascitic fluid was adjusted to 80 million per ml. 
by the addition of saline ; l-ml. aliquots of this 
pool were mixed with 3-ml. volumes of the various 
antisera or, as controls, with saline or normal rabbit 
serum. Ten mice were injected intraperitoneally with 
0-25 ml. (5 million cells) of each of the resulting cell 
suspensions. At intervals of 48 hr. thereafter, for a 
total of three injections, each mouse received intra- 
peritoneally 0-25 ml. of the corresponding antiserum. 

The results from three separate experiments are 
summarized in Table 1. In general, antisera against 
the nucleoprotein fractions exerted a strong inhibitory 
effect on the development of ascites in mice, while 
antiserum against the soluble-protein fraction was 
without pronounced effect. The results also indicate 
that antisera against those nucleoproteins isolated 
from virus-infected cells are more effective in inhibit- 
ing tumour growth than are those from uninfected 
cells. In the case of the deoxyribonucleoprotein, this 
observation was consistent in all three experiments. 
However, with the ribonucleoprotein, there was an 
apparent difference only in the first experiment per- 
formed, in which seven mice died of solid tumours 
that developed at the site of injection, presumably 
as a result of subcutaneous implantation of tumour 
cells. 

Although an appreciable number of deaths occurred 
in the groups of mice which received antisera against 
the nucleoproteins of uninfected Ehrlich cells, the 
mean survival times of the animais which died were 
significantly increased ; namely, 30-40 days as com- 
pared to 12-13 days for control groups. 

When the administration of antisera was withheld 
for periods of 24, 48 or 72 hr. following tumour 


Table 1. INHIBITION OF THE EHRLICH CARCINOMA ASCITES TUMOUR 
Iv MICE BY ANTISERA PRODUCED IN THE RABBIT AGAINST EHRLICH 
CELL PROTEIN FRACTIONS 
Implant: 5,000,000 cells, intraperitoneally. Controls: saline and 
normal rabbit serum ; 100 per cent mortality with ascites 


























| Deaths 

| Protein | No. With Per 

| antigen of With | ascites+ | With | Survivors; cent 

mice | ascites solid solid survival 
tumour | tumour 

| DNA 30 ll 2 7 10 30 
RNA 30 1 - 7 22 73:3 

| Soluble 30 27 1 1 1 3:3 

| DNA*® 30 1 1 1 27 90 

| RNA® 30 1 - - me 29 96-7 

| Soluble* 30 23 1 3 3 10 














‘w Isolated from Ehrlich cells 72 hr. after infection with Bunyamwera 
virus. 
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implantation into mice, the development of ascites 
was not inhibited, and a marked increase in mean 
survival time was noted only in the case of a 24-hr. 
delay. However, if fewer than 5 million cells had 
been implanted, and more than 1-0 ml. (4 x 0-25 ml.) 
of antiserum afterwards injected, inhibition of tumour 
growth might well have been seen. 

These preliminary observations clearly point the 
way to further investigations. It would be of interest 
to know the effects, if any, of antisera against the 
Ehrlich cell nucleoproteins on the growth of other 
ascites tumours in mice. The effects on the growth 
of various ascites tumours of mice of antisera against 
nucleoproteins isolated from a normal mouse tissue 
might also be studied. Finally, and perhaps most 
important, would be investigations designed to 
elucidate the mechanism whereby these antisera 
inhibit the growth of the Ehrlich ascites tumour. 
Work along these lines is in progress in our laboratory. 

Joun 8S. CoLTErR 
Hitary Koprowski 
Harris H. Brrp 
KATHRYN PFEISTER 
Viral and Rickettsial Section, 
Research Division, 
American Cyanamid Co., 
Lederle Laboratories, 
Pearl River, New York. 
Jan. 4, 


* Koprowska, I., and Koprowski, H., Cancer Res., 18, 651 (1953). 
* Love, R., Koprowski, H., and Cox, H. R., Cancer Res., 13, 350 (1953). 
* Werder, A. A., Kirschbaum, A., MacDowell, E. C., and Syvert 
Cancer Res., 12, 866 (1952). it i 
: Nungester, W. J., and Fisher, H., Cancer Res., 14, 284 (1954). 
McKee, R. W., Lonberg-Holm, K., and Jehl, J., Cancer Res., 13, 
537 (1953). ’ 
*Stern, K. G., Goldstein, G., Wagman, J., and Schryver, J. 
Proc., 6, 35 (1947). | e ors 
’ Gajdusek, D. C., Biochim. Biophys. Acta, 5, 377 (1950). 
* Mirsky, A. E., and Pollister, A. W., J. Gen. Physiol., 30, 117 (1946). 


Tumour Growth-inhibitory Alkyl 
Sulphonates 


In the course of the preparation of various 
chloroethylamines which are potential tumour growth- 
inhibitors we have examined 2-chloroethyl methane- 
sulphonate (I, X = Cl; CB 1506) as a reagent for 
the direct conversion of an amino-group into a 
chloroethylamino-group under mild conditions. It 
occurred to us that amino-groups in biological systems 
might be chloroethylated in vivo by this compound. 
For this reason the methanesulphonate (I, X = Cl) 
was tested against a number of transplanted animal 
tumours. 

(I) CH,SO,0CH,CH,X 

2-Chloroethyl methanesulphonate is an effective 
inhibitor of the transplanted Walker rat carcinoma 
both in its solid and ascites form, either given as a 
single intraperitoneal injection of a solution in 
arachis oil (20 mgm./200 gm. rat) or by daily feeding 
of an aqueous solution (10 mgm./rat/day) for the 
duration of the experiment (thirteen days). A 
preliminary investigation of this substance by Dr. 
L. A. Elson indicates no significant depression of 
the bone marrow, as indicated by blood counts, at 
these effective doses (private communication). Dr. 
O. G. Fahmy and Mrs. M. J. Fahmy have examined 
the mutagenic action of 2-chloroethyl methane- 
sulphonate on Drosophila melanogaster and report 
that, while it is an effective agent, its mode of action 
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appears to differ from that of the well-known bio- 
logical alkylating agents such as the sulphur and 
nitrogen mustards, diepoxides, dimethanesulphonates, 
and polyethyleneimines (see following communica- 
tion). 

Cytotoxic activity is also shown by the fluorine 
analogue (I, X = F) when given by injection at the 
same dose level as (I, X = Cl) and by ethyl methane- 
sulphonate (I, X =H). A striking feature is the 
greater efficiency of the latter compound (I, X = H) 
when administered orally in aqueous solution 
(20 mgm./rat/day) than by daily injection of the 
same solution. 

2-Chloroethyl methanesulphonate was obtained as 
a colourless oil, b.p. 134-135°/14 mm., n> 1-4571 
(found C, 23-1; H, 4-6; S, 20-3; Cl, 22-0 per cent. 
C,H,0,SCl requires C, 22-7; H, 4:5; S, 20-3; Cl, 
22-4 per cent) by the interaction of ethylene chloro- 
hydrin and methanesulphonyl chloride in pyridine 
solution at 0°. 2-Fluoroethyl methanesulphonate, 
bp. 130°/18 mm., n> 1-4150 (found: C, 25-1; 
H, 4-8; S, 22-7 percent. C;H,0,SF requires: C, 25-3; 
H, 4:9; S, 22-5 per cent), was similarly prepared. 

A. Happow 
W. C. J. Ross 
Chester Beatty Research Institute, 
Institute of Cancer Research : 
Royal Cancer Hospital, 
London, 8.W.3. 
April 17. 


Mutagenicity of 2-Chloroethy!l Methane- 
sulphonate in Drosophila melanogaster 


Tumovur-inhibitors belonging to the so-called 
alkylating agents (nitrogen mustards, diepoxides, 
dimethanesulphonates and poiyethyleneimines) have 
been shown to be strong mutagens! when injected 
intra-abdominally into adult Drosophila males. This 
indicates that with these agents, the overall cell 
damage accompanying inhibition is, in part at least, 
due to action on the genetic material. The analysis 
of the nature of this genetic damage revealed some 
intricate differences in the mode of action of com- 
pounds belonging to different chemical series. These 
differences were most pronounced in relation to: 
(a) the cell stage predominantly affected, and (b) the 
proportion of the various mutations induced, par- 
ticularly the ratio of sex-linked recessive visibles to 
lethals. In both these respects chloroethyl methane- 
sulphonate (CB 1506) differs from all other potential 
alkylating agents so far investigated. 


Table 1. 
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Chloroethyl methanesulphonate was administered 
by intra-abdominal injection in solution either jp 
arachis oil or in isotonic (0-4 per cent) saline. It was 
found that, for the same concentration of the com. 
pound, the mutagenic activity is much higher (nearly 
ten-fold) in aqueous than in oil solutions, and accord. 
ingly only aqueous solutions were used for the detailed 
genetic analysis. The optimal concentration range for 
mutagenesis work is 0:3 — 1:5 x 10-? M and the 
average volume of solution injected per male is 
0-25 ul., thus making the dose-range 0-8-3-8 x 10-9 
mole per male. The mutations scored were the sex- 
linked recessive lethals and visibles detected by the 
Miiller-5 technique. 

The cell stages of the male germ line showing 
maximal mutagenic response to chloroethyl methane- 
sulphonate have been determined by the standard 
brood technique previously described?. Young males 
(30 + 5 hr. old) injected with moderate doses of 
chemical mutagens (L.D. 50 or less), and whose pro- 
geny was fractionated by repeated matings to fresh 
virgin females every three days, were found to 
ejaculate sperm derived from post-meiotic germ cells 
within four broods (that is, twelve days after treat- 
ment) and from meiotic and pre-meiotic stages in 
later broods. The results with the above technique 
for chloroethyl methanesulphonate are summarized in 
Table 1. It can be seen that the compound is prac- 
tically ineffective on the mature sperm utilized in 
brood I, and very active on the early germ cells 
(mainly spermatogonia) utilized in the fifth-seventh 
broods. The data given for these later broods have 
been corrected for clustering, on the basis of the 
frequency of identical visibles in each brood. The 
selective mutagenic action of chloroethyl methane- 
sulphonate on the pre-meiotic germ cells stands in 
sharp contrast to all other potential alkylating com- 
pounds, which induce their maximal mutagenic 
activity on post-meiotic germ cells, particularly 
spermatids undergoing nuclear condensation?. 

The most striking feature of the mutagenicity of 
chloroethyl methanesulphonate, however, is the very 
high frequency of visible mutations it induces. The 
ratio of visibles to lethals produced in the same sample 
of treated X-chromosomes is roughly of the order of 
one visible to ten lethals for most of the other potential 
alkylating compounds, except for the nitrogen 
mustard derivatives of amino-acids where it is three 
visibles to ten lethals*. The data presented in Table | 
show that the overall ratio of visibles to lethals for 
chloroethyl methanesulphonate is even higher, being 
of the order of four visibles to ten lethals. For the 
germ cells most sensitive to the action of the com- 


THE RELATIONSHIP OF CELL STAGE TO THE RATE OF MUTATION INDUCED BY 2-CHLOROETHYL METHANESULPHONATE 
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pound this ratio is as high as five visibles to ten 
lethals, and approaches unity in the youngest germ 
cells tested (brood VII). This extraordinary efficiency 
of chloroethyl methanesulphonate in mutating 
morphogenesis loci is unprecedented among all known 
mutagens. 

O. G. Faumy 
MyrtLe J. Faumy 


Chester Beatty Research Institute, 
Institute of Cancer Research : 
Royal Cancer Hospital, 
London, 8.W.3. 

April 17. 

1 Bird, M. J., and Fahmy, 0. G., Proc. Roy. Soc., B, 140, 556 (1953). 

‘Fahmy, O. G., and Fahmy, M. J., J. Genet., 58, 563 (1955). 
‘Fahmy, O. G., and Fahmy, M. J., J Genet., 54, 146 (1956). 


Preparation of Cell Suspensions from Rat 
Livers 


Dulbecco and Vogt! have prepared suspensions of 
rat liver cells by tryptic digestion in order to produce 
tissue cultures from single cells. We thought that 
such suspensions might be suitable for studies of 
cellular respiration, but found that they contained 
too few intact cells and many mitochondria. The 
respiration of mitochondria was found to be unaffected 
even by concentrations of trypsin strong enough to 
lyse intact cells. An accidental observation suggested 
that a technique of mild acid digestion without added 
enzyme might be effective. A solution similar to 
Dulbecco and Vogt’s phosphate buffer saline’ was 
used. The phosphates were replaced by the equivalent 
amount of phosphoric acid and the solution brought 
to the selected pH value with potassium hydroxide. 
The most acid solution used was at pH 2:3. This 
produeed the greatest yield of separated cells; but 
they barely respired. More alkaline solutions yielded 
fewer cells, but with increasing alkalinity the respira- 
tion-rate rose until with extraction at pH 4 a sus- 
pension could be obtained with a respiration-rate of 
the value given by Krebs? for liver slices. In practice 
we thought it best to use a medium of pH 5, which 
when mixed with the chopped tissue gives a pH value 
of nearly 6. 

The method finally employed is as follows. The 
liver from a freshly killed six-week old rat is cut into 
l-mm. cubes with a battery of razor blades fixed 
together, washed with phosphate buffer saline, pH 
7:3, to remove most of the blood, and incubated 
with phosphate buffer saline, pH 5-0, for 10 min. at 
37°C. The medium is then poured off and 25 ml. of 
fresh medium at the same pH value added. The 
tissue is disrupted by being drawn into and out of 
an inverted pipette about fifty times. Large particles 
are removed by filtration through glass wool. The 
cells are spun down at 1,800g for thirty seconds, and 
resuspended in phosphate buffer saline, pH 7-3. The 
suspension at this stage is contaminated with red 
cells, but these can be reduced in number by spinning 
at 50g for 2 min. Repetition of this procedure will 
eventually eliminate the contaminants. 

Examination of wet films stained with 1 per cent 
neutral red shows that most preparations contain 
individual cells with only a few clumps containing 
up to four cells. If the pipetting is not sufficiently 
vigorous, the preparation shows large clumps and 
is discarded. Permanent stained preparations can be 
made on gelatine-coated slides and stained with 
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Rat liver cells prepared as described, stained with 
hematoxylin and eosin. x 60 


Fig. 1. 
hematoxylin and eosin (Fig. 1). In such preparations 
some of the cells tend to adhere to one another. 

The Qo, in the presence of succinate is about —18 
and is thus comparable to the values found by Krebs’. 

It is unlikely that such a weakly acid solution 
hydrolyses the cellular adhesive as does Hornsey’s 
method?; it is more probable that some charge 
effect is involved. 

We are indebted to Prof. A. Haddow, of the 
Chester Beatty Research Institute, for the supply of 
rat livers. 

I. S. Lonemuirm 
WENDY AP REES 


Department of Biochemistry, 
Institute of Diseases of the Chest, 
Brompton, 

London, 8.W.3. 

Jan. 6. 


1 Dulbecco, R.;.and Vogt, M., J. Exp. Med., 99, 167 (1954). 
? Krebs, H. A., Biochim. Biophys. Acta, 4, 249 (1950). 
* Hornsey, S., Nature, 176, 744 (1955). 


“The Metaphysics of Science”’ 


In his essay on my Riddell Lectures in Nature 
of February 25, p. 369, Dr. C. K. Grant has quoted 
fairly and amply from what I have said; but some 
of his own contributions are, I am afraid, more likely 
to obscure than to clarify the problem. There are 
two basic questions. 

The first concerns the nature of the laws of physics. 
Is everything that is logically possible also physically 
possible, or are the laws like those of statute books 
such as to exclude certain logical possibilities ? To 
quote Russell’s remark that ‘there is no logical 
absurdity in the idea that the Universe was created 
five minutes ago, complete with memories’’ does not 
help. The remark is obviously false. Had Russell 
said ‘“‘complete with the illusion of memories” he 
would have avoided one error, but only one. ‘Logically 
possible” means, in scientific methodology, logically 
consistent with the complete body of scientific know- 
ledge. In this sense, to give a striking recent example, 
Dirac found that a state of negative kinetic energy 
was logically possible. Answering the question posed 
above in the affirmative, he concluded that it was 
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also physically possible, that is, not precluded by 
any law of the statute book kind. On this assumption 
he predicted that a state of negative kinetic energy 
would be observable in the form of the positive 
electron. This startling discovery justified the 
assumption made by Dirac that the laws of physics 
are not of the statute book kind. The important 
question is whether the same assumption can always 
be made. 

The illustration taken from Dirac’s work shows 
that the question belongs more to the methodology 
than to the metaphysics of science. The implication 
in Dr. Grant’s quotation from Russell that it is easy 
to suggest what is logically possible leads one away 
from the question, while I want it to be faced. In 
fact, it is extremely difficult to know what is logically 
possible in the sense of logically consistent with the 
whole body of scientific knowledge. Mathematics is 
wholly concerned with discovering one part of just 
that. The important question is whether the same 
applies to physics, or whether some of the laws in 
physics preclude classes of events that would never- 
theless be consistent with the whole body of know- 
ledge. Had Dirac assumed that the laws of physics 
are of that restrictive kind, he might not have 
predicted the positive electron. 

The second very basic question is about the laws 
of biology. If the laws of physics do not preclude 
any events that are logically possible, those of biology 
seem nevertheless to do so. For there is evidence 
that the laws of biology lead to specified order 
whereas the laws of physics do not. The label given 
by Dr. Grant to both kinds of law, namely, descriptive 
law, does not provide a means of testing this evidence 
for its validity. By giving one name to two things 
one cannot prove that they are the same thing. To 
dismiss the apparent differences between the laws of 
physics and those of biology as lightly as that is to 
do poor service to the methodology of science. 


ReGimnatp O. Kapp 
*“Gardole’’, 
Stanhope Road, 
Croydon. 


Pror. Kapr’s remarks have brought out one 
important respect in which we are at cross-purposes— 
and also in agreement. This concerns the notion of 
‘logical possibility’. Prof. Kapp contends that I have 
misunderstood his views on this matter; this may 
well be so, for it is now clear that he attaches to 
the phrase ‘logical possibility’ a somewhat unusual 
meaning, quite different from that which I have 
assigned to it. He asserts that “ ‘Logically possible’ 
means, in scientific methodology, logically consistent 
with the complete body of scientific knowledge’’. 
Now Prof. Kapp, like anyone else, is entitled to attach 
any meaning he likes to any word or combination of 
words, and no one can gainsay him—except to point 
out that certain forms of words are misleading. I 
would like to persuade Prof. Kapp that his term- 
inology is liable to lead to confusion. 

I agree with Prof. Kapp, if I understand him 
rightly, that ‘logically possible’ is an expression 
that occurs not in accounts of scientific investigations 
or theories, but in what he calls the ‘methodology of 
science’ for which I should prefer the name ‘philo- 
sophy of science’. This is a branch of logic, in a wide 
sense of that term. It therefore seems both relevant 
and important to make clear the generally accepted 
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philosophical meaning of the phrase ‘logically possi}le’, 
This notion is applicable in two different ways. 

(i) Application to an individual proposition, p. 
‘p is logically necessary’ means ‘not-p is a «elf. 
contradiction’. It is logically necessary that bachelors 
are unmarried because the denial of this proposition 
is self-contradictory—and this is what is meant by 
a logically impossible proposition. This is quite 
different from a false proposition; we do not find 
out that no bachelors are married by conducting a 
survey of bachelors ; we can assert a priori that no 
bachelor can be married in virtue of the meaning, 
or rules for the use of, ‘bachelor’. It is clear from this 
that to say that a proposition is ‘logically possille’ 
is to say only that it is internally consistent ; my 
quotation from Russell was designed to illustrate 
this, although I quite agree with Prof. Kapp that 
Russell should have talked of ‘the illusions of 
memories’. 

(ii) The notion of ‘logical possibility’ may also 
refer to the relation between one proposition or set 
of propositions and another set of propositions ; here 
we are concerned with compatibility—or ‘com- 
possibility’, to use Leibniz’s phrase. Here again the 
issue is one that must be settled @ priori, although, 
as Prof. Kapp points out, it may be very difficult 
to do so. Prof. Kapp’s account of the problem of 
the relation between a certain hypothesis and the 
rest of the system is put in the form of the question 
of whether physical laws ‘‘preclude classes of 
events that would nevertheless be consistent with 
the whole body of knowledge”. This is to confuse 
the vital distinction between an a priori and an 
empirical problem. If p and q are logically incom- 
patible, we can assert a priori that both cannot be 
true; but which of them is true, if either, is an 
empirical issue. In Prof. Kapp’s usage, if p is in- 
compatible with the rest of the system, it is “logically 
impossible” ; this implies that it is unnecessary to 
investigate its empirical truth. But, of course, the 
question of its truth has not been touched and 
remains a problem. For Prof. Kapp to use the 
expression ‘logically possible’ in such a way that a 
proposition can be logically impossible and yet true 
is, to quote him, “likely to obscure . . . the problem”’. 
Although not explicitly stated, this conclusion is 
entailed by the conception of ‘logically possible’ as 
meaning ‘consistent with the rest of science’. Dis- 
coveries of fact (for example, the duck-billed platypus) 
and of theory (for example, the heliocentric theory) 
are often logicaliy impossible in this sense, that is, 
incompatible with the body of scientific knowledge. 

Prof. Kapp’s use of the word ‘preclude’ shows that 
he does not recognize the essential difference between 
descriptive and prescriptive laws; only the latter 
can be properly said to preclude anything. 

In calling biological, as well as physical, laws 
‘descriptive’, I merely wished to direct attention to 
the fact that they possess an indicative or descriptive 
character, as distinct from the laws of the land which 
are imperative or coercive in form, and which may be 
properly said to ‘make for order’. In applying this 
label to the laws of both biology and physics I did 
not, of course, try to prove that they are ‘the same 
thing’, any more than one who says that both apples 
and peaches are fruit is trying to deny their 
differences. 

C. K. Grant 


Philosophy Department, 
University, 


Nottingham. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 
Monday, May 28 
Ri Pee! ey oF a (at John Adam Street, Adelphi, London, 
Roger F. Tredgold : “Changes in 
at of Gace Cantor Lectures on "Hecent Studies 





W.C.2), 6 p.m.— 
Resp syibitities™ 
of Sociology”’.) 


Tuesday, May 29 


WRIGHT-FLEMING INSTITUTE OF weer (at St. ov 
Hospital Medical School, London, W.2), at 5 p.m.— R. oO. 
Williams: “The Numbers and Si of Bacteria in Kir’ 
(Almroth Wright Lecture). 

RoYAL INSTITUTION i 21 Albemarle Street, London, W.1), at 
5,30 p.m.—Sir Harold Spencer Jones, F.R.S.: “How We Get Our 
Time (Lecture for Fourth Form Pupils.) (Further Lecture on 

y 30 


oer OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 


land Place, ae = “ly at 6 > En m.—Annual General Meeting. Lae 
A. G. Stanley and rown: “‘Process Analytical - 
menta' 


Tuesday, May 29—Friday, June | 


INSTITUTION OF GAS ENGINEERS (in the Royal one eg Hall, South 
Bank, London, 8.E.1)—93rd Annual General Meeting. 


Wednesday, ee 30—Friday, June | 


INSTITUTE OF PETROLEUM, HYDROCARBON RESEARCH mg A os 
the Institution of Electrical = vy aos Leen Savoy Place, London, W 
—Symposium on ‘‘Vapour- Chromatography”. 


Thursday, May 31 


PuysicaL Society, Low TEMPERATURE GROUP (in the Lecture 
Theatre of the Royal "School of Mines, Prince Sas Road, London, 
3.W.7), at 4 p.m.—Mr. N. R. Barber and Dr. G. G. Haselden: “The 
Liquefaction Pot Naturally Occurring Methane”. 


RoyaL Soorety (at Burli eee eg London, W.1), 
at 4. “. Whinking" ric F.R.S.: “Some Experiments 
about Croonian Lect 9 


metered oF rane (at St. Thomas’s Hospital Medical School, 
London, S8.E.1), at 5 p.m.—Prof. E. Rothlin (Basle): ‘“‘The Pharm- 
awological Basis of the Action of Lysergic Acid jiethylamide on 
Brain and Mind”’.* 


Friday, June | 


ROYAL 9 yn (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. A. Comfort: “The Biology of Old Age”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 


_a ne dates ange 
NT LECTURER IN GENERAL AND PHYSICAL CHEMISTRY— 
The Dea Dean, Guy's Hospital. Modival School, London Bridge, London, 


§.E.1 
“'Lacrouans @) (witha —— degree in electrical engineering, 
referably comple eae or with good 
a rial experience), a i” es, and one IN ELECTRICAL 
ENGINEERING—Head of the aa. of Electrical laghecring. 
a College, Lenten 8.W.7 (May 
FELLOW AND LECTURER IN puvasce—The Rector, Exeter 
college, Oxford (May 31). 


SCIENTIFIC OFFICER (with a good honours degree in botany or 
— botany) IN THE SEED MULTIPLICATION SECTION, Welsh 

nt Breedin; oe Registrar, University College of Wales, 
Aberystwyth (May 31). 

TECHNICIAN IN THE NEW DEPARTMENT OF ZOOLOGY, to take charge 
of the laboratories, from August 1—The eT University College 
of Swansea, Singleto m Park, 4 ~ (May 

RESEARCH ASSISTANT (B. Sc. in chemis 4 “equivalent qualifica- 
pew for investigations involving the application of isotope tracer 

meth organic reactions—Prof. E. raude, Organic mistry 
mperial College, London, 8.W.7 (June 1). 

ASSISTANT Ng B) IN THE SCIENCE DEPARTMENT, Croydon 
Technical College, to teach chemistry—Chief Education Officer, 
Education Office, Katharine Street, Croydon (June 2). 

BIOCHEMIST CHEMIST, Senior grade with a first- or second-class 
honours I fad IN THE PATHOLOGICAL ARTMENT—The Secre' 
vee jum Lo angpeag 1 —. Street, Liverpool 7 (June 2). 

x MECHANICAL ENG 


The Heogst Uni it Coll Singh ton Park, Swansea (J 5). 
—ine San nivers ege, eton une 
CHAIR OF CHEMISTRY: ty College. Registrar, University College, Singleton 
Park, Swansea (June 5). 
SCIENTIFIC Orricer, Grade 1 (with a degree of high standard in 
ee aan aay Rg ay nae IN THE 


CE STAND » Denerinet 
ondein, New South Wales, hee pone and i 
hysleal —Senior or APS 


— or engineering with me' 
of & Alex- 
tional work in 
a of 


C2 2 une 7). 
ics and 
, Leeds 





metallurgy: 
M53, Crrith cook aaa Gegres th 
ANT a 

experience) IN PHysics—The Princ 
tania ology, ye Street, Leeds 2 (June 8). 
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ASSISTANT ETIcs—Secretary of University Court, The 
University, © Rh», (June 9). 

ASSISTANT LECTURER IN PHILOSOPHY—The Secretary, The Univer- 
~ Exeter (June 


9). 

IOCHEMIST (suitably qualified graduate) IN THE DEPARTMENT OF 
Hop Reswarcu for research work on the : ic chemistry of the 
hop plant—The Registrar, Wye College, nea: ‘ord, Kent ye une ®). 

YsIcIsT, Experimental Officer grade (with at least H.S.C science) 
or equivalent), at a Ministry of Supply Experimental Es 
in Carmarthenshire to investigate problems arising in observation of 
behaviour of models under test, and introduce instruments (including 
optical and electronic) suitable for use under unusual conditions 
associated with these tests—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), 26 King Street, London, 
8.W.1, ‘quoting A.166/6A (June 9). 

RER IN INORGANIC CHEMISTRY—Prof. G. Wilkinson, Depart- 
ment =< Chemistry, Imperial College, London, 8.W.7 (June *10). 
LECTURER and ASSISTANT LECTURER (with special tpn in 
organic chemistry) iy CHEMISTRY—The Registrar, The University, 
Manchester 13 (June 11). 

RESEARCH ASSISTANT (with a good honours degree in chemistry, 
biochemistry or physiology) IN THE ARTMENT OF SURGERY—The 
——- The University, chester (June 14). 

aa Passer emer (with high qualifications in physics or chemistry, 

perience, and preferably a knowl of coal science), 

at rey National Coal Board’s London Headquarters, to direct and 

co-ordinate investigational work _ the physical and chemical proper- 

ties of coal carried out by Coal Survey a and to os in 
the general direction of coal surve' verthe N. ational Coal Board 

aoe i Hobart House, London, 8.W.1, quoting Ref. ao 

une 

LECTURER (with a special interest in the field of physical metall: 
and preferably experience in the application < X-ray diffract on 
techniques to metallurgy) IN MEtTaLLURGY—The Registrar, The 
University, Sheffield (June 16). 

Som, CHEMIsT (with an honours degree in science with inorganic 
or physical chemistry as a major subject) IN THE a oF SoILs, 
Commonwealth Scientific and Industrial a 
Casberes, A.C.T., Australia, to conduct lh RR as oan of a 

esearch team, into the iron and aluminium phosphates in soil— 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2 (June 23). 

ASSISTANT Li (with a degree in science or in dairying) 
IN Datryine—The Registrar, (Room 9, O.R.B.), The University, 
— (June 30). 

CHAIR OF ANIMAL HUSBANDRY AND PREVENTIVE VETERINARY 


MEDICINE—The tary of University oon "The University, 
Glasgow (June 30). 

RESEARCH FELLOW (with a Ph.D. degree and research experience 
in organic chemistry and ultra-violet spocteenensd), for work . con- 


aaa so the development of organic dye filters ‘which will in the 
be used for astronomical purposes—The Registrar, College 
of Fn wade Manchester 1 (June 30). 

FELLOW (preferably with practical experience in station seismology 
and grophretcal | prospecting) IN THE DEPARTMENT OF Fg enrer 
and a FELLOW THE DEPARTMENT OF NUCLEAR 
School of Physical ‘Teen. Australian National University, to work 
with the 600 KeV. or 1-25 MeV. Cockcroft-Walton machine or with 
the 33 MeV. Electron Synchroti tron—The Secretary, ‘Assocletion of 
Worduy of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (July 2). 

DmsoTos OF THE OTAGO MusEUM, Dunedin, New Zealand—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (London and New Zealand, July — 

raengg a or LECTURER gull a a good honours degree in 
botan ialist knowledge and rience lant 


pathology) 1 IN NT PATHOLOGY - Eee sapere < liege of Tropical 
inidad, B.W.I.— retary, The Imperial Co 
of Tropical ies 40 Norfolk Street, Strand, London, W.C.2 
ugust 


BIOCHEMIST, Basic grade (graduate), for research work in relation to 
steroids—Group pee. pan Hospitals’ Group Laboratory, 
West Park Hospital, Epso: 

CHEMIST or PHYSICIST eotth 2 a vairst. or second-class honours di 
or equivalent qualification, and preferably a anand ang of m 
laboratory instrumentation techniques and experience in handling 
explosives), at a Ministry of Supply and Develo 
ee near Sevenoaks, Kent, for research on initiatio at 

ry Pe systems and in application to Service stores—The Ministry 
ur and National Service, Technical and Scientific Register (K), 
26 Lm A pewter ny S.W. i, quoting F.307/6A. 

DEM r ASSISTANT LECTURER IN BoTANy in the Depart- 
ert of f Biological Ricans The Registrar, Wye College, near Ashford, 

en! 

Puysicist (with a first- or second-class honours degree in physics, 
= ¥ = in electrenics and a liking for experimental work, and 

Lowy I to aereeement fe in classical — biological physics ics) 
with e Air Minis Farnborough, Hants, for research on problems 
mnected with vom bo sone of physics to ean medicine—The 
Ministry of Labour and National Service, Technical and Scientific 
oe rf), 26 King Street, London, 8.W.1, quoting A.190/6A. 
AL SCIENTIFIC OFFICER and SENIOR EXPERIMENTAL OFFICER 
at the. Ministry of Fuel and Power, London, for work in connexion 
with the development of windmills, hydraulic transport of 4 
atmospheric pollution, industrial drying processes, oil burning, hea’ 
a. and the development of low grade fuels—The ent > 
ur and National Service, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting A.180/6A. 

PRINCIPAL SCIENTIFIC OFFICERS, SENIOR SCIENTIFIC OFFICERS or 
SCIENTIFIC OFFICERS (with a ig or second-class honours degree and 
preferably research p expecsene}, 8 r research on controlled thermo- 

tab! lishment Officer, ‘abomaie Ene 


nuclear reactions—Th 
ishment, Harwell, Didcot, Berks — Ref. 532/34. 
RESEARCH ASSISTANT (with, or candidate for, the B.Sc. (special 
chemistry) degree of the University of London) IN CHEMISTRY—The 


Registrar, Brighton Technical College, Brighton. 
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SCIENTIFIC OFFICER (with an honours d in zoology, and prefer- 

ably some knowledge or training in statistics) in the Edinburgh; Lab- 

oratory of the Scottish Marine Biological Association, to join a team 

of biologists studying plankton ecology in relation to fisheries—The 

Ce ,» Oceanographic Laboratory, 78 Craighall Road, 
nl 4 

Som, Scientist, Scientific Officer or Senior Scientific Officer grade 
(with at least a second-class honours degree in agriculture or soil 
chemistry and two years postgraduate experience (three to appoint- 
ment to the senior grade), preferably on plant nutrition problems), 
in the Research Branch of H.M. Oversea Civil Service, British Guiana, 
to study the nutriment supply to padi from soils under anaerobic 
conditions to determine how the yield may be maintained and in- 
creased economically by the use of fertilizers—The Director of Recruit- 
ment, Colonial Office, London, 8.W.1, quoting BCD.63/30/01. 

TECHNICAL OFFICER (with scientific training to at least higher 
school certificate standard, and preferably experience in meteorology) 
IN THE East AFRICA HIGH COMMISSION METEOROLOGICAL DEPART- 
MENT—The Crown Agents, 4 Millbank, London, S.W.1, quoting 
Ref. M3B/43104/NF. 

TECHNICIAN (with experience in handling farm and/or laboratory 
animals) IN THE DEPARTMENT OF AGRICULTURE—The Secretary, 
University of Nottingham School of Agriculture, Sutton Bonington, 
Loughborough. 


REPORTS and other PUBLICATIONS 


(not included in the monthiy Books Supplement) 


Great Britain and Ireland 


Macaulay Institute for Soil Research. Annual Report, 1954-1955. 
Pp. 75+2 plates. (Craigiebuckler, Aberdeen: Macaulay Institute for 
Soil Research, 1956.) 93 

Air Ministry : Meteorological Office. Professional Notes. No. 118: 
Rainfall of Depressions Which Pass Eastward Over or Near the 
British Isles. By J. S. Sawyer. Pp. 13. (M.O. 524r.) (London: H.M. 
Stationery Office, 1956.) 9d. net. (93 

British Museum (Natural History). A Short Guide to the Exhibition 
Galleries of the Natural History Museum. Fourth edition. Pp. vii+28. 

British Museum (Natural History), 1956.) 1s. 6d. [93 

Carnegie United Kingdom Trust. Forty-Second Annual Report, 

=. wa oy (9 plates). (Dunfermline: Carnegie United a 
om . . a 93 

British Electrical and Allied Industries Research Association. 
Technical Report L/T307 : On the Theory of Dielectric Breakdown in 
Non-Ionic Crystals. By B. V. Paranjape. Pp. 7. 9s. Technical Report 
U/T133: Metal Transfer between Palladium and Silver Contacts at 
Low Inductances. By J. Riddlestone. Pp. 10+12 figures. 12s. 6d. 
(Leatherhead: British Electrical and Allied Industries Research 
Association, 1954 and 1955.) [93 

Philcsophical Transactions of the Royal Society of London. Series A : 
Mathematical and Physical Sciences. No. 954, Vol. 248 (1 March 1956) : 
The Transition to Superconductivity. By P. R. Doidge. . 553-573. 
7s. No. 955, Vol. 248 (1 March 1956): The Generation of Waves in an 
Infinite Elastic Solid by Variable Body Forces. By G. Eason, J. Fulton, 
and I. N. Sneddon. Pp. 575-607. 10s. 6d. No. 956, Vol. 248 (1 March 

: The Distribution of Electrons in the Undisturbed F, Layer of 
the Ionosphere. By E. R. Schmerling and J. O. Thomas. The Rates of 
Production and Loss of Electrons in the F Region of the Ionosphere. 
 d J. A. Ratcliffe, E. R. Schmerling, C. 8. G. K. Setty and J. 0. 

omas. . 609-642. 11s. (London: Royal Society, 1956.) [93 

Scottish Home Department. Marine Research Series. No. 1 (1956): 
The Effect of Electric Fields on Marine Fishes. By Lt. Cdr.(Sp.) 
B. McK. Bary, R.N.Z.N. . 32+1 plate. 7s. net. Freshwater and 
Salmon Fisheries Research Series. No. 12: Seventh Annual Report 
of the Supervisory Committee for Brown Trout Research, 1954-1955. 
Pp. 12. 2s. 6d. (Edinburgh: H.M. Stationery Office, 1956.) [93 

Observations Made at the Royal Observatory, Greenwich, in the 
year 1942 in Astronomy, Magnetism and Meteorology, under the 
direction of Sir Harold Spencer Jones. Pp. vii+244. 70s. net. Obser- 
vations made at the Royal Observatory, Greenwich, in the year 1943 
in Astronomy, Magnetism and Meteorology, under the direction of 
Sir Harold Spencer Jones. Pp. viii+240. 70s. net. Observations made 
at the Royal Observatory, Greenwich, in the year 1946 in Astronomy, 
Magnetism and Meteorology, under the direction of Sir Harold Spencer 
try Pp. vii+342. 90s. net. (London: H.M. Stationery a, 

2 9 

Planning, Vol. 22, No. 393: What’s in the Papers? Pp. 21-36. 
( London : Political and Economic Planning, 1956.) 2s. 6d. 93 
,, Experiments Relating to Increases in crop Yield by Radionic 
Stimulation. By Geo. dela Warr. Pp. 10. (Oxford: Delawarr Labora- 


tories, 1955.) 3s. (203 
Planning. Vol. 22, No. 394: Business Forecasting. Pp. 37-52. 
(London: Political and E ic Planning, 1956.) 2s. 6d. [203 
Aluminium Development Association. Information Bulletin No. 2: 
The Properties of Aluminium and Its Alloys. Fourth edition. Pp. 204. 
7s. 6d. Revised British Standard for Aluminium Alloy Ingots and 
Castings for General Engineering Purposes. Pp. 4. Revision of British 
Standards for Aluminium-Magnesium-Silicon Heat-Treatable Wrought 
Alloys. Pp. 4. (London: Aluminium Development Association, 1955 
and 1956.) [20 





Other Countries 


Mauritius Sugar Industry Research Institute. Bulletin No. 5: 
Observations on Sugar Cane Diseases in Australia and Fiji. By Robert 
Antoine. Pp. i+61. (Réduit, Mauritius: Mauritius Sugar ee | 


Institute, 1955.) 9 
and culture Organization of the United Nations. Year- 
book of Forest Products Statistics, 1955. Pp. vi+161. (Rome: Food 
and Agriculture Organization of the United Nations; London: H.M. 
Stationery Office, 1955.) 12s. 6d.; 2.50 dollars. [93 
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The Nutritional Resear 
ual 


Indian Council of Medical Research. ch 
rt for 1954-55, 


Laboratories, Coonoor (South India). Ann 
Pp. ii+36. A Review of Activities, 1949-53. By V. N. Patwardhan. 
Pp. i+18. Indian Research Association, Coonoor, 8. India. 
A History of Its Origin, Development and Activities. By ‘V. N. Pat. 
wardhan. Pp. 23+7 plates. (Coonoor: Nutrition Research Labo 
tories, Indian Council of Medical Research, . 
Kenya Forest mt. Pamphlet No. 13: 
Early Thinning of Exotic Softwoods in Kenya. By H. H. 
Pp. 15. (Nairobi: Kenya Forest Department, 1955. [93 
Indian Council of Medical Research, New Delhi. Medical Research 
in the Second Five Year Plan. Pp. ili+114. (New Delhi: Indian 
Council of Medical Research, 1955.) [93 
Tanganyika: Geological Survey ment. Bulletin No. 27: 
The Geology of the So’ Kiwira Coalfield, Rungwe Distriet. By 
D. A. Harkin. > ae +9 plates. (Dar-es- : Government 
Printer, 1955.) Shs. 7/50. [93 
East Africa High Commission. East African Agriculture and 
Forestry ch Organization. Annual Report, 1955. rds of 
for the period Ist Jan 1954 to 30th June 1955. Pp, 
x+114. (Kikuyu: East African Forestry Research Organization, 
1956.) Shs. 3/50. [93 
Commonwealth Scientific and Industrial Research Organization, 
Australia. Bulletin No. 278: A Survey of the Beef-cattle Industry 
of Australia. By W. A. Beattie. Pp. 135. bourne: Com 
wealth Scientific and Industrial Research ization, 1956.) 
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